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Programming Models for Irrigation Development 
Earl Angus Jenson 
Under the supervision of Dr. Earl 0. Heady 
From the Department of Economics 
Iowa State University of Science and Technology 
The overall objective of this study is to develop applicable 
techniques which the Bureau of Reclamation can use to evaluate water 
resource projects. However, the procedures are general in nature and 
can be applied to single or multiple purpose water projects which are 
being considered by governments, private firms or individuals. The 
techniques are applied in the context of the Emery County Project and 
include two stages of linear programming analysis. The first stage is 
to use parametric linear programming to derive normative demand curves 
which are subsequently used to supply data for the second stage which 
consists of a recursive linear programming model to allocate water on a 
regional basis. 
The first stage of analysis was accomplished through a number of 
analytical and theoretical steps. Data were obtained from the Bureau 
Study on the Emery County Project and from other secondary sources. 
Linear programming was briefly discussed and linear programming models 
were constructed for twenty-four representative farms. The farms include 
four livestock types on three farm sizes in two watersheds which have 
different soil and water resources. 
I 
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Another step of stage one was to illustrate the impact of optimal 
intra-farm resource allocation upon farm income for one representative 
farm. This exercise also illustrates the use of linear programming as a 
tool to calculate complete farm budgets. 
The fifth step was to determine a normative demand curve for water 
for each representative farm. The normative demand curves for farms of 
the same size are quite different for the various types of livestock. The 
benefits which could be gained from optimal inter-farm allocation of water, 
as compared to the current institutional allocation of water, are 
illustrated. 
The normative demand curve data for representative farms is used in 
the second stage of analysis for determination of aggregate water demand 
functions. Other information from the solutions for the representative 
farms is also used in the second stage of the analysis for determination 
of cost-benefit analysis and repayment analysis. 
In the second stage the empirical water allocation model is used as 
a basis to evaluate several alternative project designs for a river basin. 
The linear programming model optimally allocates water over twelve one-
month periods among alternative water users at different locations in two 
watersheds within the river basin. The water allocation model is 
recursive in that water stored in the reservoirs at the end of one year 
is the initial water supply for the subsequent year. Forty years of 
historical water flow data are used so the recursive linear programming 
model is really a simulation model. Water deoimnds for all uses at all 
locations are point estimates made by the Bureau of Reclamation, with the 
ii 
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CHAPTER ONE. SCOPE OF THIS STUDY 
Introduction 
Man has used his ingenuity to mold his environment to meet his needs. 
Irrigation techniques have been used by man so long that no one can 
determine the origin of irrigation. Huffman (37, p. 8) cites examples of 
different techniques which were used in particular civilizations. Some of 
these techniques have counterparts in present day irrigation. The 
Egyptians used artificial reservoirs to facilitate inter-temporal allocation 
of water. They also developed the artesian well, the milometer for gauging 
streams, and great dual-purpose canal systems for irrigation and navigation. 
Mechanical devices which were developed to lift water include waterproofed 
baskets, the "shadoof", water wheels driven by the current of a stream or 
by a man on a treadmill, and a screw rotating in an enclosed cylinder. All 
of these inventions were used before the birth of Christ. 
There were conflicts of interest over water use in earlier civiliza­
tions. Laws were made to establish water right priorities and penalties 
for misuse of water rights. For example, the Assyrian Emperor, Hammurabi, 
(2250 B.C.) decreed chat sian Jnd beast had the first claim on water with 
the irrigation of crops coming next. Penalties for misuse of water were 
often based upon reasonable criterion. 
"Some 2300 years before Christ, in Mesopotamia, the code of 
Hammurabi of the Babylonian era provided, 'If anyone opens 
his irrigation canals or lets in water, but is careless and 
the water floods the field of his neighbor, he shall measure 
out grain to the latter in proportion to the yield of the 
neighboring field'" (37, p. 33). 
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Huffman's brief discussion on the history of irrigation is enlightening. 
It illustrates how some civilizations have faced water crises by developing 
and adopting new technology and by modifying institutions. The water 
crises currently facing the United States has implications for water-
saving technology and for institutions which control the allocation of the 
nation's water resources. A brief history of irrigation development in 
America along with a discussion of Federal involvement in water resources 
will set the background for the purposes of this study. 
Stages of irrigation development 
Huffman identifies three phases of irrigation development in the 
Americas; the prehistoric, the prepioneer and the modem. Prehistoric 
irrigation consists of the irrigation practices of the aboriginal Indians 
and the Spanish Conquerors in Peru, Chile, Argentina and Mexico. Also the 
remains of irrigation structures in New Mexico, Arizona and Kansas is 
evidence of early civilizations which practiced irrigation but for some 
reason discontinued that way of life. 
The prepioneer period of irrigation development is described as 
"... the dissemination of irrigation practices throughout the Southwest and 
into California by the Spanish missionaries... It was the practice of the 
missionaries to develop an agricultural community in which the Indians were 
taught the ancient art of irrigation" (37, p. 14). 
The modern era of irrigation in the United States began with the 
settlement of the arid west. The Mormons made a great contribution to 
irrigation development when they settled in Utah in 1847. Whitman's 
mission near Walla Walla, Washington (1837), the Anaheim settlement in the 
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Los Angeles area (1857) and the Union Colony in Greeley, Colorado (1870), 
were other milestones in irrigation development. These communities had 
different reasons for trying to make a living from the desert. A striving 
for religious freedom, a lack of adequate transportation and the high cost 
of hauling freight were some of the influences encouraging irrigation 
development. 
"Once modern irrigation had proved itself in Utah and had been 
further demonstrated in California and Colorado, it spread 
rapidly to other western states. The continued expansion of 
irrigation into new area and the placing of additional lands 
under the ditch created great interest throughout the nation. 
The result was a series of legislative acts: attempts by 
Congress to formulate an acceptable and workable program in 
aid of irrigation development" (37, p. 16). 
Legislation to aid settlement Various acts were passed to enable 
the establishment of family farm units in the Western United States. 
However, the settlement of the arid Western United States was influenced 
by the available water supply. The Homestead Act of 1862 was not suited 
to the development of the arid lands. New alternatives for developing the 
arid west were discussed. The advantages and disadvantages of federal 
participation in water resource development, irrigation, were similar to 
some current arguments regarding Bureau of Reclamation Irrigation Projects 
(37, p. 24-27). The advantages of federal participation irv water resource 
development were cited as: (1) utilization of unused resources; 
(2) establishment of new homes; (3) provision of food for the nation and 
certain communities ; (4) utilization of railroad facilities so they could 
achieve economies of scale. The disadvantages were listed as: (1) federal 
inability to manage natural resources; (2) federal government too distant; 
(3) variation in project needs would require more than one program; 
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(4) federal investment in water meant an income redistribution; 
(5) irrigated crops would compete with current production; and (6) irriga­
tion development was a raid on the treasury. 
Impact of The Bureau of Reclamation^ upon irrigation The role that 
the Bureau of Reclamation has played in irrigation development may be 
illustrated with Table 1. By the time the Bureau of Reclamation started in 
irrigation development, private irrigation companies had developed an 
acreage equivalent to forty percent of the total irrigated cropland which 
existed in the seventeen Western States in 1965. While the lands 
irrigated under Bureau Projects are considerable in absolute acreage, only 
about twenty-five percent of the irrigated lands in the seventeen western 
States currently receives water from the Bureau Projects, Table 1. Over 
one-half of the federally irrigable lands receive supplemental or 
temporary water service, Table 2. "It should be further explained that more 
than two-thirds of the land irrigated in Reclamation projects consists of 
land which has previously been in dry farming use or under irrigation 
systems which have requested Federal assistance for rehabilitation or 
supplemental water service from Reclamation dams. Thus, only one-third has 
been new land not previously in crop production" (14, Table 1, p. 3). Of 
the irrigable land acreage brought under federal auspices in the ten-year 
period from 1957 through 1966 over seventy-five percent was supplemental 
lands. Table 2. The Emery County Project which contains mostly supplemental 
lands forms the basis for this study and is analyzed in detail in Chapters 
8 through 13. 
H/henever the Bureau is referred to in this study it will mean the 
Bureau of Reclamation of the United States Department of the Interior. 
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Table 1. Crop acreage harvested in the United States and irrigated 
cropland in the United States, seventeen Western States, and 
Federal Reclamation Projects (million acres) 
Irrigated cropland 
Total crop Seventeen 
acreage Western Bureau of , 
Year harvested^ Total States Reclamation 
1910 325 14.0^ 0.5 
1920 360 18.6= 2 . 2  
1930 369 18. gf 2 . 8  
1940 341 20.4^ 3 . 4  
1950 345 24.gf 5 . 1  
1960 324 33.0^ 30.7® 6 . 9  
1965 298 36.9^ 33.2® 8 . 0  
^Census of Agriculture figures (45). 
^(66, Table 4, p. 40). 
C(23, Table 1-1, p. 14). 
^This is a Census of Agriculture figure for 1959 (66, Figure 1, p. 6). 
^(66, Figure 1, p. 6). 
"This is a Census of Agriculture figure for 1964 (66, Figure 1, p. 6). 
Private irrigation development 
While the Bureau projects have typically been large scale projects, 
the private enterprise projects have consisted of small irrigation projects 
which use ground water and/or small reservoirs. Many of these small 
irrigation projects are facing water shortages. Where economically 
warranted supplemental water in future years may be a partial solution to 
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Table 2. Irrigable acreage for service on federal reclamation projects 
by category of water service, 1957-1966 (millions of acres) 
Water service 
Full^ 
Supplemental^ 
or temporary Total 
1957 4.16 3.67 7.83 
1958 4.26 3.79 8.05 
1959 4.31 3.79 8.10 
1960 4.33 3.84 8.17 
1961 4.36 3.87 8.23 
1962 4.39 4.21 8.60 
1963 4.42 4.37 8.79 
1964 4.46 4.58 9.04 
1965 4.54 5.07 9.61 
1966 4.58 5.05 9.62 
Change: 1966 to 
1957 0.42 1.38 1.79 
^(65, Figure 1, p. 7). 
Full water service is provided to full irrigation service land. 
"Full irrigation service land is irrigable land now receiving, or to 
receive, its sole and generally adequate irrigation supply through works 
of facilities constructed by or to be constructed by the Bureau of 
Reclamation. This term applies also to previously irrigated land in non-
Federal projects where a substantial portion of the facilities has been, 
or is to be, constructed, rehabilitated, or replaced by the Bureau" (66, 
p. 2). 
^Supplemental water service is provided to supplemental irrigation 
service land. "Supplemental Irrigation Service Land is irrigable land now 
receiving, or to receive, an additional or reregulated supply of irrigation 
water through works or facilities constructed by or to be constructed by 
the Bureau of Reclamation. Such supply, together with the supply from 
nonproject sources generally will constitute an adequate supply" (66, p. 2). 
^Temporary water service is provided to temporary irrigation service 
land. "Temporary Irrigation Service Land applies to lands for which a 
supply of water is delivered under temporary arrangements. The acreage in 
this category may vary from year to year. When repayment and water service 
contracts are finalized upon lands receiving this type of service, they 
will be placed in either the Full or Supplemental Service Categories" 
(66, p. 2). 
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the water shortage. 
At this point in this study the water flow within the two watersheds 
of the Emery County Project will be used to illustrate the water shortage 
problem and the seasonality problem of waterflow in typical western 
streams. The reason why late season supplemental water service may have a 
high value on irrigation will be illustrated. 
Water availability from typical mountain streams There are two 
aspects of water availability which should be noted. First, the annual 
waterflow relative to prospective water requirements for the watershed is 
important. Second, the seasonal distribution of the waterflow is of 
significance. Even if there were adequate annual waterflow, the distribu­
tion of the waterflow may not coincide with the water requirements in 
terms of seasonal distribution. The Cottonwood and Huntington Watershed 
will be briefly discussed in terms of water availability. 
Cottonwood Creek and Huntington Creek are adjacent mountain watersheds 
in Eastcentral Utah. Cottonwood Creek has a drainage area of about two 
hundred square miles while Huntington Creek has a drainage area of about 
one hundred eighty-eight square miles. The annual runoff of the two 
streams is comparable. Table 3. However, since there are more acres in the 
Huntington Watershed which can be irrigated. Table 32, the total irrigation 
water requirement in the Huntington Watershed is more than twice as great 
as the Cottonwood Watershed, Tables 4 and 5. The total water requirement 
for irrigation and other uses were determined in this study. Chapter 10. 
However, water requirements estimated in the Bureau Study (60, Table 3, 
p. 9) indicated the same general relationship between water requirements 
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Table 3. Annual waterflow in Cottonwood Creek and Huntington Creek 
(1,000 acre feet)® 
Cottonwood Huntington Cottonwood Huntington 
Year Creek^ Creek Year Creek Creek 
1920 89.8 96.4 1940 61.5 55.9 
1921 118.3 130.6 1941 84.2 85.5 
1922 116.5 108.8 1942 86.6 84.8 
1923 101.7 89.6 1943 52.9 62.4 
1924 45.7 44.3 1944 91.2 87.8 
1925 47.5 49.6 1945 62.2 65.4 
1926 46.6 60.3 1946 54.7 57.5 
1927 63.3 71.7 1947 68.5 68.6 
1928 70.7 77.6 1948 51.3 48.5 
1929 75.9 78.2 1949 83.3 78.5 
1930 50.5 58.8 1950 51.0 62.1 
1931 31.6 38.3 1951 57.8 67.4 
1932 57.4 63.5 1952 152.7 150.6 
1933 57.0 65.6 1953 62.1 73.6 
1934 22.9 26.3 1954 41.3 43.8 
1935 69.8 61.6 1955 43.3 44.6 
1936 78.1 83.6 1956 48.8 53.1 
1937 69.7 72.0 1957 98.6 84.2 
1938 68.1 68.5 1958 96.2 105.8 
1939 57.3 51.4 1959 30.9 36.9 
Ave. 67,9 70.3 
^(61, Tables 11 and 13, pp. 21 and 23 respectively). 
^Natural waterflow has been modified by inter-watershed water 
transfers through the Ephraim and Spring City Tunnels. 
and water availability and were useful in setting up the initial problematic 
situation. 
The water requirement in the Huntington Watershed is approximately the 
same as the expected, average, annual water available in Hacitington Creek. 
However, the quantity of water available in this creek varies considerably 
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Table 4. Modified^ flow of Huntington Creek^ and total water requirement^ 
for irrigation in the Huntington Watershed (1,000 acre feet) 
Water availability 
Water flow High Low Average Water 
requirement 
Year 1952 1934 1920-1959 
Month 
January 0.6 0.8 0.7 
February 0.9 0.6 0.7 
March 1.1 0.9 1.1 
April 7.3 1.8 5.0 1.5 
May 52.1 4.2 20.5 8.1 
June 45.9 2.7 16.7 15.2 
July 15.2 1.1 8.0 16.4 
August 10.2 1.0 4.8 11.8 
September 7.6 1.0 2.6 6.1 
October 2.2 1.6 2.2 1.6 
November 0.6 0.5 0.9 
December 0.6 0.8 0.8 
Total 144.3 20.0 64.0 60.7 
^The natural waterflow in Huntington Creek has been corrected for: 
(a) operation of small reservoirs which permitted intra-year water 
transfer. The storage capacity of the small reservoirs varied over the 
forty year period and was, (i) 5300 acre feet in 1934, (ii) 10,800 acre 
feet in 1952 and (iii) 13,900 acre feet from 1556 to the present date; 
(b) reduction in available water due to domestic use of water (this is 
described in detail in Chapter 10). 
^(61, Table 13, p. 23). 
^The "Total Water Requirement for Irrigation" is the amount of water 
required to drive the marginal value product of water to zero in crop 
production. This requirement is estimated and recorded in Chapter 10. 
among years. Even if all the water in Huntington Creek in any given year 
could be used that year, there would be a possibility of benefitting from 
inter-year water transfers. 
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Table 5. Modified^ flow of Cottonwood Creek and total water requirement^ 
for irrigation in the Cottonwood Watershed (1,000 acre feet) 
Water availability 
Water flow High Low Average Water 
requirement 
Year 1952 1934 1920-1959 
Month 
January 0.7 0.3 0.5 
February 1.0 0.2 0.5 
March 1.2 0.6 1.0 
April 6.3 4.8 3.5 0.7 
May 47.6 6.5 20.2 3.6 
June 63.5 2.0 23.0 6.4 
July 16.0 1.0 6.9 6.9 
August 5.7 1.1 3.2 5.1 
September 3.6 0.6 1.9 2.9 
October 1.4 0.6 1.4 0.8 
November 0.7 0.4 0.8 
December 0.7 0.5 0.7 
Total 148.4 18.6 63.6 26.4 
The natural waterflow in Cottonwood Creek has been corrected for: 
(a) reduction in flow due to the estimated inter-watershed diversion 
through the Ephraim and Spring City tunnels; (b) reduction in available 
water due to domestic use of water (this is described in detail in 
Chapter 10). 
^(61, Table 11, p. 21). 
*^The "Total Water Requirement for Irrigation" is the amount of water 
required to drive the marginal value product of water to zero in crop 
production. This estimate is estimated and recorded in Chapter 10. 
The water requirement in the Cottonwood Watershed is less than the 
streamflow in Cottonwood Creek in all years except 1934. In terms of 
total waterflow in any given year, except 1934, there is adequate water to 
meet total water requirements in the Cottonwood Watershed. 
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In addition to the total quantity of water which flows down the two 
streams in any given year, consideration must be given to the timing of 
water availability within the year. Cottonwood Creek and Huntington Creek 
have typical seasonal flow distributions for mountain streams in the Western 
United States. These streams generally have high spring runoffs and low 
water flows in middle and late summer. 
The seasonal distribution of waterflow in Cottonwood Creek is given 
for the years with the highest waterflow, lowest waterflow and average 
waterflow in Table 5. The seasonal distribution of water requirements for 
irrigation in the Cottonwood Watershed is also reported in Table 5. 
In 1934 there was a substantial water shortage over most of the 
irrigation season. Intra-seasonal water transfer would not have solved the 
problem but would have reduced the water shortage. 
Even if there were an average flow of water, the seasonal distribution 
of water would be insufficient to fulfill the irrigation water requirement 
for the Cottonwood Watershed. However, with a small amount of intra-year 
water transfer there would be adequate water to meet irrigation water 
requirements. Some inter-month transfer may result due to water being 
stored in the soil. 
In 1952, the year with the highest waterflow in Cottonwood Creek, much 
of the waterflow occurs in May, June and July. There is still adequate 
water to meet irrigation requirements into October. 
A small inter-year water transfer by means of a reservoir would enable 
water requirements in the Cottonwood Watershed to be met in the low flow 
years. 
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The seasonal distribution of waterflow in Huntington Creek for all 
years was such that in no year was there adequate waterflow to meet 
irrigation in all months. (See Table 4 for the seasonal distributions for 
the highest, lowest and average flows of the Huntington Creek and for the 
water requirement for irrigation in the Huntington Watershed.) 
When an average waterflow occurs the seasonal distribution is such that 
there is a considerable water shortage in July, August and September. Under 
the assumption about intra-month transfer of water as soil moisture, there 
would still be a shortage in a year which had an average seasonal 
distribution. 
In years where the water available is low (like 1934), the water 
requirement is considerably greater than the water available. 
New policy directions for water resource development 
The scope of the Bureau's activity changed from single purpose projects, 
(irrigation only) to include multiple purpose projects. The Bureau of 
Reclamation was initially concerned only with irrigation. The perspective 
on water use has changed so that only about twenty-five percent of the 
Bureau's Construction funds are currently allocated for irrigation (14, 
p. 2). The following figures indicate the importance of nonirrigation use 
of water from Bureau Projects. From 1958 to 1966, the number of visitor 
days spent in recreational activities increased from 19.5 to 44.9 million 
(65, Figure 3, p. 16). The cumulative flood control benefits from the ten 
projects with the highest cumulative value of damages prevented during 1950 
to 1967 are estimated at 557.5 million dollars (66, p. 19). Perhaps the 
most significant change in the use of water from Bureau Projects is 
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reflected in data from Table 6. Based on an average requirement of 188 
gallons per capita per day for the seventeen western states the Bureau 
supplies about sixty percent of the daily requirement for over twenty-five 
percent of the total population (65, p. 12). 
As per capita real income rises, cities become more crowded and people 
have more leisure time, the demand for recreation and other water related 
goods and services will become increasingly greater. Also the current 
concern with ecology will be a stimulus to water resource development, at 
least in terms of quality if not quantity. 
Table 6. Municipal, industrial and other nonagricultural water service 
from Federal Reclamation Projects, 1956-1966^ 
Year 
Water supplied 
(billion gallons) 
Population served 
(million people) 
1956 53.9 1.1 
1957 63.8 1.3 
1958 257.4 8.4 
1959 291.0 8.1 
1960 396.6 9.2 
1961 483.5 9.5 
1962 474.2 10.1 
1963 493.1 10.5 
1964 517.1 10.9 
1965 504.1 12.4 
1966 588.7 13.2 
®(65, Figure 2, p. 13). 
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Prospects for future Bureau irrigation developments 
The Bureau of Reclamation views the recent trend in its irrigation 
development and prospects for the future as follows. 
"The future program of the Bureau of Reclamation is likely 
to follow the trend set in the recent past, with the 
greater effort going in the direction of improving the 
water service and supply features of existing irrigation 
areas. The trend data lead us to anticipate that the next dec 
decade would bring the total area irrigated from Reclamation 
works to a total of about 10^ million acres. The lands 
brought in will likely include a little less than a million 
acres of land which have not been previously irrigated. 
This small increment of new land to be irrigated for the 
first time will have been the product of several factors 
which are evident in the trends : 
a. Public demand for the commitment of water resources 
to uses other than irrigation (competition for 
water). 
b. Lack of available water resources in areas where 
abundant land resources exist. 
c. Reduced funding for the irrigation aspects of the 
Reclamation program" (14, p. 4). 
Factor a above, the increasing demand for nonirrigation use of water, 
has already been briefly discussed. Estimates of future water require­
ments have been made elsewhere but will not be discussed in this study. 
Factor b above is a statement of fact about the physical problems facing 
water resource development. Factor c is the result of (1) change in 
agricultural production and marketing and (2) growing emphasis on govern­
ment efficiency. The technological revolution which has been so dramatic 
in United States agriculture has produced substitutes for water and has 
had a big impact on the demand for irrigation water. The state of 
agricultural technology and its importance upon irrigation will be 
discussed next. Subsequently, the impact of the recent trend on 
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efficiency in government will be briefly discussed. 
The state of the agricultural industry in the U.S. The 
technological revolution which has transformed United States agriculture 
was initially felt in the decade from 1930 to 1940. Prior to 1930 
increases in farm production resulted mainly from increases in 
production inputs while productivity increased only slightly (33). 
After 1930 production inputs increased only slightly while farm output 
increased much more rapidly. Productivity thus increased rapidly. 
The increased productivity was a result of the adoption of new 
technology by farmers and the relative immobility of resources 
already in agriculture. Heady and Tweeten identify the absolute 
changes which have occurred in annual resource requirements from 1910 
to 1960. They also show the large quantity of resources which would 
be required to produce the 1960 crop using 1910 resources with the 1910 
resource mix (33, Table 5.5, p. 119). From 1940 to 1965 the U.S. 
population grew by 46.6 percent while the agricultural output grew by 
62.9 percent. Consumers in general have benefitted from the changes in 
the agricultural resource structure as food costs have decreased from 30.9 
percent of total consumer expenditures in 1940 to 24.7 percent in 1960 
(27, Table 2.3, p. 45). Since domestic demand did not keep pace with 
agricultural production and exports did not compensate for the increased 
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agricultural output considerable surpluses resulted (45, p. 14). 
Part of the reason for the rapid innovation of new technology into 
agriculture, and consequently the surpluses, was the programs of the 
government to support farm incomes. Farm prices did not reflect the value 
of agricultural output in domestic and foreign markets. Nevertheless 
farmers responded to the support prices and adopted the new technology. 
Resources which already exist in agriculture have a low opportunity 
cost because they cannot readily be moved to other employment due to their 
specialized nature and/or limited alternative use. Farm machinery and 
buildings have little or no alternative use and only a small salvage value. 
Land used in agricultural production has limited alternative use except 
around towns, cities and a few other locations. Since 1955 several 
million acres of farmland have been retired through farm programs. The 
labor force in agriculture is generally poorly trained for alternative 
employment. Although the farm population has decreased from 30.5 million 
in 1940 to 12.4 million in 1965, the continuing low return to labor in 
agriculture compared to other industries means additional labor should 
move from agriculture to other industries. The rural to urban mobility is 
generally greatest for young people and is enhanced by job retraining and 
a healthy national economy. 
Since it is in the interests of the United States to be able to 
(a) feed the domestic population, (b) meet export demands and (c) give 
food aid to stabilize the fluctuating food supply in developing countries 
in the most efficient manner, the development and adoption of new 
technology in agriculture will hopefully continue indefinitely. 
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This is the national agricultural setting, one of generally low 
income to agricultural labor and continuing change in the resource 
structure, within which water resource development for use in 
agriculture must be analyzed. 
Efficiency trend in government A major factor affecting water 
resource development has been the development and use of systems 
analysis and the eiq>hasis on efficiency in government. The funding 
of federal projects relating to land and water resource development 
has increasingly come under the scrutiny of the Federal Government. 
"Close surveillance over the Reclamation program is maintained 
by both the Executive and the Legislative Branches of the 
Federal Government. In addition, the affected state 
governments review and comment on all proposed Reclamation 
project plans prior to their submittal to the Congress for 
authorization. Furthermore, the projects are required to 
conform to the water right laws of the affected states. 
Congressional authorizations are required prior to 
preparation of definite project plans and the commencement 
of construction. Congressional appropriations on a 
project-by-project basis are required also for detailed 
planning and for construction. Appropriations for 
Bureau of Reclamation operations are authorized by a 
different congressional committee than are legislative 
authorizations to undertake construction. 
Thus, I believe that the program of the Bureau of 
Reclamation is subjected to a greater degree of 
scrutiny by the public, by the several states, by the 
Executive Branch of the Government, and by the Congress 
than any other major Federal program" (14, p. 1). 
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The investigations into all agencies of government including those 
concerned with the use of water resources has led to some uniformity of 
policies, standards and procedures in the formulation, evaluation and 
review of plans for use and development of water and other resources. 
The development of standards for project evaluation has been a major 
step in increasing the efficiency of government economic activity. The 
following discussion about the development of cost-benefit analysis 
indicates the complexity and scope of the coordination attempts. 
Cost-benefit analysis has become a major concept and procedure for 
project evaluation in the United States and other countries in this 
century. Many changes have been made in the procedures of benefit-cost 
based on experience from application and the adaptation of economic theory. 
The history of cost-benefit analysis goes back to 1844 with Dupuit's 
classic paper on the utility of public works (50, p. 155). Various 
government agencies applied their own form of benefit-cost analysis until 
an Inter-Agency Committee was formed to coordinate methods and procedures 
for application of cost-benefit analysis. "According to Hamnond it was 
'in origin an administrative device owing nothing to economic theory and 
adapted to a strictly limited type of Federal activity - the improvement 
of navigation'" (50, p. 155). The River and Harbor Act of 1902 was 
concerned only with costs and benefits associated with commerce. The 
Flood Control Act of 1936 extended the view of benefits and projects were 
approved if "the benefits to whomever they may accrue are in excess of 
19 
estimated costs." By the end of World War II indirect benefits and costs 
and intangibles were considerations in cost-benefit analysis. 
Standardizing cost-benefit procedures for analyzing water resource 
projects also began after World War II. The original Subcommittee on 
Benefits and Costs was established in 1946. The initial goal of the 
committee was to obtain a mutual understanding of the current practices of 
each of the Federal agencies in preparing its reports and recommendations 
on water resource projects. The results of these studies were published 
and included detailed statements covering the practices then in use by the 
participating agencies: 
a. Qualitative Aspects of Benefit-Cost Practices - 1947 
b. Measurement Aspects of Benefit-Cost Practices - 1948 
c. Allocation of Costs of Federal Multiple-Purpose Projects - 1949. 
The next step of the Inter-Agency Committee was to develop a 
systematic, consistent and theoretically sound framework for the economic 
analysis of river basin projects and programs, irrespective of current 
practices or legislative and administrative limitations. The result was 
the May, 1950, report known as the "Green Book". 
After 1950 studies on the problems of cost-benefit analysis continued 
with particular emphasis on secondary benefits, taxes, interest rates, and 
the determination of appropriate price levels. Several papers and reports 
of Federal bodies which were of national scope were studied by the sub­
committee and include the following: 
1. Report of the Presidents Water Resources Policy Commission (1950) 
2. Bureau of the Commission on Organization of the Executive Branch 
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of the Government (Second Hoover Commission) (1955) 
3. Report of the Presidential Advisory Committee on Water 
Resources Policy (1955) 
4. Senate Resolution 148, 85th Congress 1st Session (1958). 
While many recommended practices suggested by the Green Book had 
been adapted by participating agencies, the subcommittee on evaluation 
standards came up with new recoïamendations in 1958. This set of 
Proposed Practices for Economic Analysis of River Basin Projects was 
the set of procedures followed by the Bureau of Reclamation until 
replaced by the statement of Policies, Standards and Procedures in 
the Formulation, Evaluation and Review of Plans for Use and Development 
of Water and Related Land Resources on May 15, 1962 (59). This state­
ment was based upon Senate Document 97. 
The search for additional improvements in project analysis will 
continue with major emphasis on cost allocation, reimbursement and 
cost-sharing policies, standards and procedures. 
The advent of standardization has had the following impact upon 
the Bureau of Reclamation Projects. 
"The complete exposure of our planning process and its 
examination from all viewpoints has had a favorable 
effect — it has required us to adopt a rigid and high 
standard of competence in formulating plans for develop­
ment of water and related land resources and in presenting 
the details of these plans in our project investigation 
reports. As well as having to present these careful 
justifications for proposed projects, we have had to 
examine and lay open the record of accomplishments on 
completed projects. This too has been of value in 
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refining our planning processes. Our reflections on the 
role that irrigation plays in economic development can 
be made, therefore, from a considerable bank of factual 
information" (14, p. 1). 
The Bureau of Reclamation felt a need for further research leading 
to inçroved methods of determining economic returns on irrigated land. 
"These improvements are necessary in the era of increasing water 
competition, so as to improve the determinations of irrigation 
justification and feasibility, the selection of lands for irrigation, 
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and the most efficient use of limited water supplies." The research 
was divided into two parts. One part was concerned with irrigation 
production functions from a theoretical and experimental view. An 
initial investigation of this area is given by Kleinman (40. The second 
part was the application of programming techniques, mainly linear 
programming, using production function data and related data to determine 
the optimal allocation of water within multiple purpose water development 
projects with a special emphasis on irrigation. The research contract 
called for quantitative application in addition to theoretical models. 
Hence, some of the specific objectives of this study are stated below 
in the context of the Emery County Project. 
Objectives of this study 
The overall objective is to develop applicable techniques which the 
Bureau of Reclamation can use tq evaluate projects. However, the procedures 
2 
From contract statement between l.S.U. and the Bureau. 
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are general in nature and may be applied to single or multi-purpose water 
projects which are being considered by governments, private firms or 
individuals. 
The specific objectives of this study are; 
1. Present conventional economic theory of optimal allocation of 
water and other resources in a farm firm and derive crop 
production functions from the Emery County Data which can be 
used to generate activities for incorporation into represent­
ative farm linear programming models. This objective is 
accomplished in Chapter 2. 
2. Present the general linear programming model with examples 
to illustrate the building and interpretation of solutions 
of such models. This objective is accomplished in Chapter 3. 
3. Develop linear programming models of representative farms 
for the Emery County Project. Chapter 4 and 5 are used for 
this aspect of the study. 
4. Determine and interpret gains from optimal intra-farm 
allocation of resources, including water, and illustrate 
how linear programming models of farm firms can be used to 
calculate complete farm budgets. Chapter 6 is dedicated to 
this objective. 
5. Determine and interpret the normative demand curve for water 
for each representative farm and illustrate the potential 
gain from optimal inter-farm reallocation of water. This 
objective is accomplished in Chapter 7. 
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6. Develop and present a recursive linear programming regional 
water allocation model which optimally allocates water among 
alternative uses. This is the purpose of Chapter 8. 
7. Incorporate the water availability data for the Emery County 
Project into the regional water allocation model. Chapter 9 
is used to meet this goal. 
8. Determine the relevant demand functions for irrigation water 
by aggregating farm firm normative demand functions and 
incorporate these functions and other water demand data into 
the regional water allocation model. This objective is 
accomplished in Chapter 10. 
9. Simulate water resource project operation for two project 
design sets and interpret the results, including how the 
solutions may be used for scheduling project water delivery. 
This objective is accomplished in Chapter 11. 
10. Determine the feasibility of supplemental and full irrigation 
service and other water uses. Determine optimal set of 
structures for the project design. These objectives are 
accomplished in Chapter 12. 
11. Determine the ability of farmers to pay for irrigation water 
and the impact of supplemental irrigation and additional full 
service irrigation upon income of farm operators. This 
objective is accomplished in Chapter 13. 
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Methodology 
Linear programming is the major programming technique used in this 
study. Linear programming models are discussed in Chapter 3 while the 
extensions of the model are discussed in the relevant chapters. A linear 
programming model for a representative farm is used in Chapter 6 to focus 
upon the problem of optimal intra-farm allocation of resources. In Chapter 
7 linear programming models are used for parametric price programming to 
determine a normative demand function for water for each firm. In Chapter 
8 a recursive linear programming water allocation model is discussed. 
Chapter 11 reports some of the results from using this model. 
Regression analysis was not required to estimate crop production 
functions for this study since the improvised crop production functions 
were singly solved from simultaneous equations. Chapter 2. In future 
studies, which incorporate experimental data into the project analysis, 
regression analysis will be a useful research tool. 
Cost-benefit analysis is used to analyze the feasibility of alterna­
tive project designs. This is discussed briefly in Chapter 12, 
Plan of this report 
There are four major parts in this study. In the first part. Chapter 
1, the overall study is introduced. In the second part. Chapters 2 through 
7, the individual farm firms are the economic units analyzed. In the third 
part. Chapters 8 through 13, emphasis is on analysis of the Emery County 
Project as the economic unit. It is necessary to discuss farm firms in 
section three. The fourth part. Chapter 14, is the summary and conclusions. 
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The discussion on analytical techniques used in this study are 
distributed throughout in association with the application of the 
techniques. 
The content of individual chapters is stated with the specification 
of the objectives. Each chapter is essentially a self-contained unit so 
that a reader interested only in scheduling project water, for example, 
could read Chapter 11. 
This dissertation is of considerable length because it is written to 
fulfill an educational function for the contractor of the study. 
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CHAPTER TWO. THEORETICAL FIRM EQUILIBRIUM 
Part Two of this study is concerned with micro-economic problems of 
production, that is, problems of the firm. Economics is the study of the 
allocation of scarce physical and human resources among competing ends. 
There are economic problems which relate to production and distribution. 
Here we are concerned with economic efficiency and mainly with the problems 
of production. The immediate problems of the firm are what to produce , 
how much to produce, what resources to use and what quantity of resources 
to use, subject to a certain objective function and given certain 
technological and price data. 
The firm and its objective function 
The firm is an organizational entity within which production takes 
place. The entrepreneur, farmer, transforms inputs into outputs according 
to the technical rules specified by his production function. The difference 
between revenue and cost is the entrepreneur's profit. 
There is no easy way to determine the goals of a firm. Frequently 
the last person to ask about an individual's motivation is the individual 
himself. It is a common experience when interviewing executives to get an 
affirmative answer to every plausible goal about which they are asked 
(3, p. 297). 
It is frequently assumed in economics that the fins is trying to 
maximize profit. However, there may be numerous reasons why this goal is 
modified. An entrepreneur may wish to maximize the profit of his firm 
subject to only family labor being used, and/or only the current land base 
being used and/or some specific enterprise not being included in the firms 
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operations, etc. 
It is not the role of the economist to specify the entrepreneur's 
objective function. However, it is the role of the economist to show 
the entrepreneur how his goal may be achieved. In economic analyses the 
goals of the firm must be taken as data because the conclusions of the 
analysis may vary considerably as the entrepreneur's goals are changed. 
If changing the firm's goals leaves the conclusions invariant then it is 
legitimate to avoid the difficult job of determining the firm's goals. 
Definition of some terms 
There are a few terms which are necessary in explaining a production 
function and will also be useful later. An input is a good or service 
which contributes directly to the production of an output. A variable 
input is an input which can be changed in quantity in the time period 
under consideration. A fixed input is an input which remains invariant in 
quantity in the time period under consideration. While in fact most inputs 
can be varied in quantity the cost of immediate variation may be prohibitive 
to input variation. The short run is the time period, planning horizon, in 
which one or more inputs are held constant in quantity. The long run is 
the time period in which all inputs are variable in quantity. In the short 
run both the fixed and variable inputs are necessary for production, hence 
the only distinction between them is temporal. 
Variable proportions production is possible when the ratio of input 
quantities is not fixed. Fixed-proportions production means there is only 
one ratio of input quantities that may be used to produce outputs. 
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The production function shows the relationship of a dependent 
variable, the quantity of output, to the independent variable(s), the 
input(s). One author has defined a production function as follows: "A 
production function is a schedule (or table, or mathematical equation) 
showing the maximum amount of output that can be produced from any set of 
inputs, given the existing technology or "state of the art." In short, 
the production function is a catalogue of output possibilities" (17, p. 110). 
Generalized production function 
The yield response of crops to irrigation, water, fertilizer, seeding 
rate, herbicide, number of cultivations etc., may be expressed in the 
general form of: 
(1) Y = Y(X^, X^, Xg, ... X^) where 
Y is dependent variable which is the yield of the crop in bushels 
per acre of land. 
X^ is acre inches of water of specific quality required for one acre 
of the crop in April. 
Xg is acre inches of water of specific quality required for one acre 
of the crop in May. 
Xg is pounds of fertilizer (for exançle nitrogen) applied to one 
acre of the crop. 
Xg is seeding rate per acre of the crop. 
X^Q is one acre of land with specific characteristics. 
Xj^^ ... X^ are other inputs such as capital, labor and tractor hours 
specified in terms of month. 
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The yield of the crop is a function of the inputs used. In any given 
time period some of the inputs may be variable, for example water in April, 
while others are fixed, for exançle one acre of land. 
A production function with only one variable input may be written as: 
(2) Y = YCX^/Xg ••• where Y, ... X^ were previously 
described. The vertical bar distinguishes between fixed and variable 
resources. Similarly a production function with two variable inputs may 
be expressed as: 
(3) Y = Y(X^, Xg/Xg ... X^) where Y, X^ ... X^ were previously 
described. 
There are numerous forms of production functions such as linear, 
quadratic, Cobb-Douglas, Spillman and others which may be used to estimate 
the response of a dependent variable to an independent variable(s) (30, 
Chapter 3). 
There have been very few empirical studies which have been designed to 
estimate crop production functions where yield is a function of water and 
one or more other variables. As a result of the lack of empirical data 
the Bureau of Reclamation has contracted Iowa State university to carry 
out empirical studies to determine crop yield response to water and 
fertilizer. The experiments are part of a long range project and will be 
carried out in several western states using several crops. Some results 
have been reported (40) and will be referred to later in this chapter to 
illustrate benefit-cost calculations and repayment analysis as calculated 
by the Bureau of Reclamation. 
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The crop production data used in the farm budgets calculated in the 
Emery County Project Report (60) will be used to determine quadratic 
production function for crops where yield is a function of one variable 
input, water. These quadratic production functions are subsequently used 
to derive coefficients for crop production activities in the farm linear 
programming models. The Emery County crop production data will be discussed 
and the quadratic production functions will be developed below. The 
economic meaning of one of the production functions will be discussed. 
Then the coefficients for the linear programming model will be developed. 
Emery County crop production data 
The Bureau of Reclamation estimated crop yields "with" and "without" 
project development for the Huntington Area, Table 7. Crop yields were 
assumed to be comparable in the Cottonwood Area. 
The without project yields are based primarily upon information 
collected in the farm management survey and corroborated with secondary 
data, opinions of agricultural leaders in the area and opinions of Bureau 
land classification personnel. The yields both in the "project" and 
"pre-projact" situations reflect average managerial ability, cultural 
practices, and degree of mechanization (60, p. 20). The range of crop 
yields reported by farmers for the "without" project water rights is 
reported in Table 8. There is considerable variation in the yields of 
particular crops on similar soils among different farms. 
The projected yields for with "project" conditions in Table 7 are 
based on data collected from twenty-five farmers within the project area 
who reported a full water supply for their farms. It is assumed that due 
Table 7. Estimated crop yields by land class* 
Without project With project 
Class Class Class Class Class Class Class Class 
Crop Unit 1 2S 38 6W 1 2S 3S 6W 
Alfalfa Ton 3.2 2.8 2.5 4.4 3.9 3.4 
Barley Bu. 55.0 50.0 45.0 65.0 60.0 55.0 
Oats Bu. 55.0 50.0 45.0 65.0 60.0 55.0 
Wheat Bu. 45.0 35.0 30.0 55.0 45.0 40.0 
Corn silage Ton 14.0 11.0 9.0 18,0 14.0 11.0 
Rotation pasture AUM 6.0 4,5 3.0 8.5 7.0 5.5 
Permanent pasture AUM 2.0 2,0 
(60, Table 9, p. 17). The land classification system used by the Bureau is discussed in 
(62, pp. 9-49). "The lands of the project were delineated in the field at the time of the land 
classification into arable and nonarable classes. The arable classes separated were 1, 2, and 3. 
Class 4H consists of the irrigated lands within the city limits computed from information supplied 
by the office of the Utah State Engineer, Class 5 is temporarily nonarable and following the 
drainage determinations It was eliminated as class 6W, The class 6W, water right class, is 
nonarable, but is presently irrigated and will not be supplied with project water, however it 
will retain its present irrigation water rights. Class 6 land is nonarable" (62, p. 9). 
Table 8, Range in average crop yields^ reported by farmers for pre-project situation in the Emery 
County Project 
Land class^ 
Class 1 Class 2S Class 3S 
Crop Unit Low High Low High Low High 
yield yield yield yield yield yield 
Alfalfa Ton 1.7 6.0 0.7 5.5 0.5 5.0 
Barley Bu. 35.0 75.0 35.0 70.0 30.0 60.0 
Corn silage Ton 12.0 20.0 7.0 18.0 6.0 13.0 
^Kach farmer reported his average yield. Consequently the low yield and high yield are 
average yields for particular farmers. Average yields of crops of other farmers fall between 
these two extremes. 
^Obtained from the Bureau of Reclamation, Regional Office - Region 4, Salt Lake City, Utah. 
^Land classes are defined in Table 7, p. 31. 
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to a more stable water supply the crop rotations may be shortened. It is 
also assumed that (a) the use of barnyard manure will increase slightly 
due to increased livestock numbers and (b) the use of commercial fertilizer 
will increase slightly due to a more stable water supply (60, p. 17). Thus 
the yield of crops may be expressed as Y = Y(X^, X^, X^/X^, X^, ..., X^) 
where Y = crop yield, X^ is the variable input water, X^ is the variable 
input manure, X^ is the variable input commercial fertilizer, X^ is one 
acre of a particular class of land, ... X^ are other fixed inputs. 
The change in quantities of X^ and X^ used for crop production in the 
"with" and "without" project situations is minimal, consequently for the 
purpose of obtaining production functions it is assumed that X^ and X^ are 
fixed inputs. The crop yields are then a function of the variable input 
water, Y = YCX^/Xg ... X^). 
The plant water requirements were estimated by the Blaney-Criddle 
method of determining consumptive use. "Consumptive use is defined as the 
sum of the volume of water used both by the vegetative growth of the area 
in transpiration or building of plant tissue and by that evaporated from 
adjacent soil" (61, p. 45). The derivation of the monthly consumptive use 
of irrigation water or the unit irrigation requirement for each of the 
predominant types of crops expected to be grown in the area is shown in 
(61, p. 48). 
Linear production function The crops which were included by the 
Bureau of Reclamation in the budgets were alfalfa, barley, corn silage, 
rotation pasture and permanent pasture. These crops were the ones selected 
for the linear programming analysis and are reported in Table 9 along with 
Table 9. Crop yields per acre* by land class and consumptive use of water*^ 
Yield 
Land class Consultative use of water 
Crop Unit 1 28 3S 6W Acre inches Percent 
Alfalfa Ton 3.2 2.8 2.5 17.5212 62 
Ton 4.4 3.9 3.4 27.1296 96 
Ton 28.2600 100 
Barley Bu. 55 50 45 9.4054 62 
Bu. 65 60 55 14.5632 96 
Bu. 15.1700 100 
Corn silage Ton 14 11 9 11.9722 62 
Ton 18 14 11 18.5376 96 
Ton 19.3100 100 
Rotation pasture AUM 6.0 4.5 3.0 15.6240 62 
AUM 8.5 7.0 5.5 24.1920 96 
AUM 25.2000 100 
Permanent pasture AUM 2.0 15.6240 62 
^Given in Table 7 . 
^Land classes are discussed in Table 7 
• 
Consumptive use of water is discussed in the text. 
35 
selected information from the previous tables and other information. The 
yield data were taken from Table 7. The Bureau calculated their budgets on 
the assumptions that (a) without the project the water supply would be 62 
percent, and (b) with the project the water supply would be 96 percent. 
Consequently, these levels of consumptive use have been calculated and are 
shown in Table 9. The consumptive use estimate of water requirement assumes 
a linear production function over the relevant range of production. Figure 
1. In the case of alfalfa production on land class 1 the "consumptive use 
of water" production function is the linear production function. 
(4) Y =» 1.2434 + 0.1117X where 
Y = the yield of alfalfa in tons per acre of land class 1 
X = consumptive use of water by the alfalfa. 
This production function was derived from the data in Table 9, i.e. by 
solving the two following equations. 
(5) 3.2 = a + b 17.5212 
(Ô) 4.4 = a + b 28.2600 
There are comparable linear production functions for all crops on all 
soil classes. However, it is thought that a quadratic production function 
is more realistic than a linear production function. Consequently, the 
production data discussed above is used to determine quadratic production 
functions which are discussed below. 
Quadratic crop production functions Since no data were available 
to statistically estimate the response of crops to water in the Emery 
County Project, an assumption was made that the relevant form of the 
2 
production function was the quadratic, Y =» a + bx + cx where. 
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Figure 1. Production functions showing yield response of alfalfa to 
water on one acre of land class one 
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Y is the yield of a crop grown on one acre of a certain soil type 
a, b and c are constants 
X = acre inches of water available to the crop for consunçtive use. 
Table 9 contains sufficient information to exactly solve for quadratic 
production functions for the crops. The necessary assumptions are: 
(1) the quadratic is the correct form of the production function, (2) the 
maximum yield occurs when the consumptive use of water is 100 percent. 
For alfalfa on land class 1 there are three equations: 
(7) (1) 3.2 = a + b (17.5212) + c (17.5212)^ 
(8) (2) 4.4 = a + b (27,1296) + c (27.1296)^ 
(9) (3) 0 = b + 2c (28.2600) 
the coefficients for equations (7) and (8) are taken directly from data in 
Table 9. Equation (9) states that the first derivative of the general 
equation, the marginal physical product, is zero when X is 28.2600 acre 
inches. Solving these three equations for a, b and c provides the equation 
Y = -3,9897 + 0.5947 X. - 0.0105 X,^ where Y is alfalfa yield per acre on 
2 
land class 1, X^ is acre inches of water consumptive use and X^ is X^'X^. 
Equations were set up for all crops on all soil classes and the 
following production functions were calculated. Table 10. 
Under terms of the contract regulating the operation of Emery County 
Project, land class 6W was to receive no project water. Consequently, only 
one point on the production function is reported in Table 9 for permanent 
pasture. 
The quadratic production functions developed above will be used to 
derive coefficients for activities in the farm linear programming model. 
Table 10. Quadratic production functions for crops on various soil types in Emery County 
â t) 
Crop Soil class Production function 
Alfalfa 1 A1 = -3.989735 + 0.594718X^ - 0.010522X^2 
Alfalfa 2S A2S = -3.790880 + 0.545158X. - 0.009645X^2 
Alfalfa 3S A3S -2.892337 + 0.446038X - 0.007892X^2 
Barley 1 B1 sr -4.915984 + 9.232434X - 0.304299X^2 
Barley 2S B2S -9.915984 + 0.232434X - 0.304299X^2 
Barley 3S B3S s . 14.915984 + 9.232434X - 0.304299X^2 
Corn silage 1 CI -9.966388 + 2.901212X - 0.075122X^2 
Corn silage 2S C2S = -6.974619 + 2.175909X - 0.056342X^2 
Corn silage 3S C3S -2.983194 + 1.450606X - 0.037561X^2 
Rotation pasture 1 RPl -8.979202 + 1.389445X - 0.027568X^2 
Rotation pasture 2S RP2S 10.479202 + 1.389445X - 0.027568X^2 
Rotation pasture 3S RP3S 11.979202 + 1.389445X^ - 0.027568X^2 
^Soil classes are discussed in Table 7. 
'^The derivation of these production functions is discussed in the text, pp. 37-39. 
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However, a question arises as to what points on the production functions 
to include in the linear program. The following discussion about the 
production functions will answer part of the question. 
Production function with one variable input To illustrate the use 
of a production function with a single variable input we shall use the 
quadratic production function for alfalfa on land class 1 which was derived 
in the preceding section, 
(10) Y = -3.9897 + 0.5947X^ - O.OIOSX^^ 
The production function represents the total physical product, however, 
the average and marginal product equations are expressed respectively as 
follows: 
Y -3 9897 (11) Y* = 7 = + 0.5947 - 0.0105X-
X Aj X 
(12) Y" = -^ = 0.5947 - 0.210Xi 
The marginal product curve obeys the law of diminishing marginal returns 
which states that as the amount of the variable input (water) is increased, 
and the amount of the fixed resources (an acre of land which is seeded to 
alfalfa) remain constant, a point is reached where the marginal physical 
product declines. 
In spite of the fact that prices of inputs and outputs have not yet 
been introduced, one can show three stages of production and indicate the 
area of rational economic production. 
Stage One consists of the portion of the production function where 
average physical product is still increasing. Average physical product 
reaches a maximum where it is equal to marginal physical product, i.e. 
where elasticity of production is one. Stage One is uneconomic because 
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increasing average physical product to the variable factor, water, means 
that there are negative marginal return to the fixed factor. If the 
variable factor, water is of limited quantity and the limit of Stage One 
has not been reached then the product can be increased by reducing the 
number of units of fixed factor, acres of land planted to alfalfa, and 
increasing the quantity of the variable factor applied to each unit of 
fixed factor until the maximum average physical product of water is reached. 
This point of maximum average product of the variable input, water, is 
called the extensive margin. 
The following calculations will define one boundary of Stage Two on 
the alfalfa production function. The maximum average physical product 
occurs when the partial derivative of the average physical product with 
respect to water is equal to zero: 
When 19.47 acre inches of water per acre are made available to the alfalfa 
crop the average physical product is maximum and the total physical product 
is 3.60 tons per acre. 
Stage two of the production function is the portion from the maximum 
average physical product to where the marginal physical product is zero. 
The point of zero marginal physical product of the variable input is called 
the intensive margin. The point of zero marginal physical product is 
determined by the following equation: 
(13) = 0 = (-1) (-3.9897)Xj^"^ - 0.0105; 
(14) Y" = 0 = 0.5947 - 0.0210X 
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X = 28.26 
When the marginal physical product of water is zero there are 28.26 acres 
inches of water made available to one acre of alfalfa and the total physical 
product is 4.41 tons of alfalfa. 
Stage Three consists of the portion of the function where the marginal 
physical product of water is zero or negative. Stage Three is uneconomical 
because total physical product is less than it would be if there was less 
variable input used. 
Stage Two is economically relevant. The input is used in quantities 
between the extensive and intensive margin or between where the elasticity 
of production is between one and zero or over the range between the maximum 
average physical product and zero marginal physical product. 
Before introducing input and product prices and specifying optimum, 
profit maximizing, output and input for the quadratic production function, 
the linear production function described earlier will be discussed with 
respect to the three stages of production. The linear production function 
is defined only for the range from X = 17.52 to X = 28.26. The average 
physical product declines throughout the relevant range of water application, 
consequently the largest value of Y' occurs when X = 17.52. The marginal 
physical product is 0.1117 throughout the defined range of water application, 
consequently Stage Three is not reached. The entire defined segment of the 
linear production function is thus in Stage Two. The linear production 
function becomes undefined for levels of water input less than 17.52 acre 
inches or more than 28.26 acre inches per acre. 
42 
Yields for crop production activities The production functions for 
crops on various soil types in Emery County were used to construct crop 
production activities for the linear programming model which is discussed 
later. The first step was to determine yields for crop activities. As 
discussed above. Stage Two, or the region on the production function between 
the maximum average physical product and zero marginal physical product, is 
the economically relevant range on a production function when there are 
certain fixed factors of production and output is a function of a variable 
input. 
With a few exceptions, only Stage Two was included in developing crop 
yields to be included in crop production activities. Exceptions to this 
rule were made so that the points on the production functions corresponding 
to the 62 percent consumptive use of water for crops could be included in 
the program. This exception was made so that the linear programming model 
could be used to calculate solutions comparable to those budgeted in the 
Emery County Report. Thus the yields which were used as the basis for 
formulating the crop production activities were calculated according to 
the following rules: 
1) Only points in Stage Two of the crop production 
functions were considered, with the exception 
of point (2) below. 
2) Points on the crop production functions 
corresponding to 62 percent consumptive use 
of water were included to provide yields for 
crop production activities. 
3) Points on the crop production functions 
representing 96 and 100 percent consumptive 
use of water were included to provide yields 
for crop production activities. 
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4) Within Stage Two of the production functions, 
the points on the production function were 
chosen to be integers representing irrigation 
requirements to meet consunçtive use of water 
by plants. Irrigation requirement is defined 
to be consumptive use minus water available 
for consumptive use due to rainfall. 
The information in Tables 11 through 14 show the yield of crops and 
the corresponding irrigation requirements, which will be used in the crop 
activities. 
To uniquely identify the crop activities the name of the crop production 
function has been retained, for example Al, but the irrigation requirement 
for each particular yield has been appended to the name of the crop 
production function. Thus, as an illustration, A122 is the name of an 
alfalfa producing activity on land class 1 when 22 acre inches of irrigation 
water has been applied. The yield for A122 is 4.26 tons. Thus the crop 
production activities are specified in terms of one acre of land. 
The next step in constructing the crop production activities is to 
specify the coefficients in the activities and describe how these 
coefficients were determined. The activities for each crop will be 
discussed in Chapter 5. 
Profit maximization with one variable input The introduction 
of input and output prices will allow specification of optimum, profit 
maximizing, output and input. Assume, (a) that there is no capital 
constraint, and (b) that alfalfa price, Py is 21.60 dollars per ton, and 
that irrigation water price, Px, is 1.00 dollar per acre inch. One method 
of determining the optimum resource allocation is by setting up a profit 
function and maximizing it. 
Table 11. Estimated alfalfa yields ^ and water application per acre of each soil class 
Item 
Consumptive 
use 
(acre inches) 
Effective 
precipita­
tion 
(acre Inches) 
Irrigation 
requirement 
(acre inches) 
Alfalfa (tons per acre) 
Crop production functions^ 
A1 A2S A3S 
62% of consumptive 
use of water 17.52 2.47 15.05 3.20 2.80 2.50 
Stage II for A3S 19.14 2.47 16.67 2.75 
Stage II for A1 19.47 2.47 17.00 3.60 2.80 
Stage II for A2S 19.83 2.47 17.36 3.23 
20.47 2.47 18.00 3.77 3.33 2.93 
21.47 2.47 19.00 3.93 3.47 3.05 
22.47 2.47 20.00 4.06 3.59 3.15 
23.47 2.47 21.00 4.17 3.69 3.27 
24.47 2.47 22.00 4.26 3.77 3.30 
25.47 2.47 23.00 4.33 3.84 3.35 
26.47 2.47 24.00 4.38 3.88 3.38 
96% of consumptive 
use of water 27.13 2.47 24.66 4.40 3.90 3.40 
27.47 2.47 25.00 4.41 3.91 3.41 
100% of consumptive 
use of water 28.26 2.47 25.79 4.41 3.91 3.41 
^Each acre of alfalfa also produces 0.4 animal unit months of grazing suitable for beef cattle 
or sheep after the alfalfa crop is harvested (60, p. 78). This value is an average for alfalfa and 
barley crop aftermath used in the budgets (60, pp. 76-99). 
^These are discussed in the text on page 43. 
Table 12. Estimated barley yields^ and water application per acre of each soil class 
Item 
Consumptive 
use 
(acre inches) 
Effective 
precipita­
tion 
(acre inches) 
Irrigation 
requirement 
(acre inches) 
Barley (bushels per acre) 
Crop production functions^ 
B1 B2S B3S 
Stage II for B1 4.02 1.48 2.54 27.28 
4.48 1.48 3.00 30.34 
5.48 1.48 4.00 36.54 
Stage II for B2S 5.71 1.48 4.23 32.88 
6.48 1.48 5.00 42.13 37.13 
Stage III for B3S 7.00 1.48 5.52 34.80 
7.48 1.48 6.00 47.12 42.12 37.12 
8.48 1.48 7.00 51.49 46.49 41.49 
62% of consumptive 
use of water 9.41 1.48 7.93 55.00 50.00 45.00 
9.48 1.48 8.00 55.26 50.26 45.26 
10.48 1.48 9.00 58.42 53.42 48.42 
11.48 1.48 10.00 60.97 55.97 50.97 
12.48 1.48 11.00 62.91 57.91 52.91 
13.48 1.48 12.00 64.24 59.24 54.24 
14.48 1.48 13.00 64.97 59.97 54.97 
96% of consumptive 
use of water 14.56 1.48 13.08 65.00 60.00 55.00 
100% of consumptive 
use of water 15.17 1.48 13.69 65.11 60.11 55.11 
*Each acre of barley also produce» 0.4 animal unit months of grazing suitable for beef cattle 
or sheep after the barley crop Is harvested (60, p. 78). This value is an average for alfalfa and 
barley crop aftermath used in the budgets (60, pp. 76-99). 
^These are discussed in the text on page 43. 
Table 13. Estimated corn silage yields and water application per acre of each soil class 
Item 
Consumptive 
use 
(acre Inches) 
Effective 
precipita­
tion 
(acre inches) 
Irrigation 
requirement 
(acre inches) 
Corn silage (tons per acre) 
Crop production functions® 
CI C2S C3S 
Stage II for C3S 8.92 1.83 7.08 6.97 
9.83 1.83 8.00 7.65 
10.83 1.83 9.00 8.32 
Stage II for C2S 11.12 1.83 9.30 10.25 
Stage II for CI 11.52 1.83 9.69 13.49 
11.83 1.83 10.00 13.84 10.88 8.92 
62% of consumptive 
use of water 11.97 1.83 10.14 14.00 11.00 9.00 
12.83 1.83 11.0 14.89 11.67 9.44 
13.83 1.83 12.0 15.79 12.34 9.89 
14.83 1.83 13.0 16.54 12.90 10.27 
15.83 1.83 14.0 17.13 13.35 10.57 
16.83 1.83 15.0 17.58 13.69 10.79 
17.83 1.83 16.0 17.88 13.91 10.94 
96% of consumptive • 
use of water 18.54 1.83 16.71 18.00 14.00 11.00 
18.83 1.83 17.0 18.03 14.02 11.01 
100% of consumptive 
use of water 19.31 1.83 17.48 18.04 14.03 11.02 
^These are discussed in the text on page 43. 
Table 14. Estimated rotation pasture yields and water application per acre of each soil class 
Consumptive Effective Irrigation Rotation pasture (AUM per acre) 
USG précipita- requirement crop production functions' 
(acres inches) (acres inches) (acres inches) RPl RP2S RP3S 
62% of consumptive 
use of water 15.62 2.47 13.15 6.00 4.50 3.00 
Stage II for RPl 18.07 2.47 15.60 7.13 
18.47 2.47 16.00 7.28 
19.47 2.47 17.00 7.62 
Stage II for RP2S 19.50 2.47 17.03 6.13 
20.47 2.47 18.00 7.91 6.41 
Stage II for RP3S 20.85 2.47 18.38 5.00 
21.47 2.47 19.00 8.14 6.64 5.14 
22.47 2.47 20.00 8.32 6.82 5.32 
23.47 2.47 21.00 8.44 6.94 5.44 
96% of consumptive 
use of water 24.19 2.47 21.72 8.50 7.00 5.40 
24.47 2.47 22.00 8.51 7.01 5.51 
100% of consumptive 
use of water 25.20 2.47 22.73 8.53 7.03 5.53 
*These are discussed in the text on page 43. 
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(15) = PyY - PxX - K; where H means profit and K is constant 
fixed costs. Substituting known values for Py, Y and Px the profit 
equation becomes 
(16) "n = 21.60 (3.9897 + 0.5949X - O.OIOSX^) - l.OOX - K 
Solve by setting the marginal profit equal to zero. 
(17) = 21.60 (0.5947 - 0.0105X(2) ) - 1.00 = 0 
(18) 21.60 (0.5947 - 0.0210X) = 1.00 
Note that equation (18) shows that profit maximizing occurs when marginal 
value product, marginal physical product times product price, equals 
factor cost, marginal increment in input, which is one times price of 
input. 
Solving the above equation gives X^ a value of 26.11 acre inches per 
acre of alfalfa grown on land class 1. Substituting back into the produc­
tion Y is shown to be 4.38 tons of alfalfa per acre of land class 1. The 
profit is expressed as 
(19) 11 = 21 = 60 (4,38) - 1.00 (X-2.47) - K 
The term 1.00 (X-2.47) in the equation is modified to correct for the fact 
that 2.47 acre inches of water was supplied to the alfalfa as rainfall and 
soil moisture. The fixed costs, K, represent the initial cost of planting 
the alfalfa, insecticide, fertilizer, harvesting, etc. Implicitly included 
in K is also the cost of harvesting and storing the alfalfa. More 
realistically, the cost of harvesting and storing the alfalfa should be a 
function of the quantity of alfalfa, hence should affect the price of 
alfalfa. Also the price of water should be corrected for the cost of 
applying it. An increase in the price of water and/or a decrease in the 
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price of alfalfa would cause the optimum input of water and output of corn 
silage to decrease. 
Alfalfa supply curve The quadratic production function for 
alfalfa may be used to compute cost curves and to provide information 
about supply curves and factor demand curves. The marginal cost curve is 
the short run supply curve and is derived below. The quadratic production 
for alfalfa on land class 1 has been expressed as 
(20) Y = 3.9897 + 0.5947X - O.OIOSX^. The total cost is PxX + K. 
To derive the marginal cost one must find X in terms of Y substitute into 
the total cost function and take the total cost function and take the total 
(21) X = -(-0.5947) + ( (-0.5947)2 - 4(0.0105) (3.9897+Y) )^ 
derivative of total cost with respect to Y. 
Y _ 0.5947 - (0.1861 - 0.0420Y)^ 
^ ^ 0.0210 
since only the negative square root term is meaningful in this analysis. 
The total cost function may now be expressed as 
(23) IC . Px The marginal c.t 
function is then expressed as 
, . ^ _ (0.0420) (%) (0.1861 - 0.0420Y)"^ 
dY 0.0210 
(25) = px (0.1861 - 0.0420Y)"^ 
This marginal cost function supplies the basis for the short run supply 
function, given the input prices, product prices and perfect producer 
knowledge. The producer maximizes profit by producing where the marginal 
-% 
cost equal marginal revenue which is expressed as Px (0.1861 - 0.0420Y) 
= Py. 
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Water demand curve Below is the derivation of the static 
factor demand curve for irrigation water. Given perfect knowledge about 
the production function, product and input prices, the entrepreneur 
maximizes profit by using an input until the marginal value product equals 
input price. The marginal value product is the price cf output times 
marginal physical product. 
(26) Py (0.5947 - 0.0210%^) = Px. Consequently 
-1  -1  
X = (0.0210) (-PxPy + 0.5947) represents the demand curve 
for irrigation water. The quantity of water which the farmer would buy to 
irrigate one acre of alfalfa on land class 1 at alternative prices of water 
is given in Table 15. It is assumed that the farmer can sell all the alfalfa 
he wishes at $21.60 per ton. 
Table 15. Static demand curve for water 
Price of water 
(dollars per acre inch) 
Quantity of water 
(acre inches) 
X 
j.u 
4.0 
3.0 
2.0 
1 . 0  
0 .0  
17.30 
19.50 
21.71 
23.91 
26.11 
28.32 
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Production function with more than one variable input -- an example 
illustrating economic benefits and payment capacity 
To illustrate the use of a production function with two variable 
inputs, results from experiments conducted for the Bureau of Reclamation 
will be used (40, p. 101). The production function used is 
(27) Y = 4579.45 + 549.24X^ + 10.93X2 - 29.96%^^ - O.OSltX^^ 
+ 0.0626X^X2 where Y is the yield of corn in pounds, X^ is 
the inches of irrigation water applied to one acre of land, and Xg is the 
number of pounds of nitrogen. 
If either X^ or X2 were assumed fixed while the other input remained 
variable then the production function would be comparable to the production 
function with one variable input which was discussed earlier. 
For the purpose of illustrating the derivation of economic benefits 
and payment capacity two situations are hypothesized. In each situation 
the farm firm will be represented by one acre of land plus other resources, 
see Table 16, and will try to maximize profit. Situation one represents a 
farm firm without irrigation. In this situation there is a single variable 
input, fertilizer. Situation two represents a farm firm that can buy all 
the water it wants at a given price. Consequently, in situation two the 
farmer will try to maximize profit using two variable inputs. 
Pre-irrigation production and income In the pre-irrigation situation 
there is a single variable input, fertilizer. The costs associated with 
using fertilizer consist of a variable cost per unit, pound, of fertilizer 
and a fixed cost associated with custom fertilizer application. The profit 
maximizing quantity of fertilizer to use is determined from equation (28). 
Table 16, Table illustrating the derivation of economic benefits and payment capacity of irrigation 
Farm income, expenditures 
and payment to fixed 
factors 
Unit 
Situation one 
(no irrigation) 
No Yes 
Fertilizer 
Situation two 
(irrigation) 
No Yes 
(1) Gross farm income 
(a) Corn 
(b) Total 
(2) Variable costs 
(a )  Genera l  do l la rs  
Oj) Fertilizer 
(c) Water 
(d) Total 
(3) Net farm income (N) 
(4) Fixed costs 
(a) Land 
(b) Labor 
lbs. 
price 
value 
dollars 
dollars 
lbs. 
price 
value^ 
acre inches 
price 
value 
dollars 
acres 
price 
value 
hrs. 
price 
value 
4579.5 
0.02 
91.59 
91.59 
20.00 
0 
0.05 
0 
0 
1.00 
0 
20.00 
71.59 
1.0 
30.00 
30.00 
15.0 
2.00 
30.00 
5480.8 
0.02 
109.62 
109.62 
20.00 
134.2 
0.05 
10.71 
0 
1.00 
0 
30.71 
78.91 
1 .0  
30.00 
30.00 
15.0 
2.00 
30.00 
7075.7 
0.02 
141.51 
141.51 
20.00 
0 
0.05 
0 
8.33 
1.00 
14.33 
34.33 
107.18 
1 .0  
30.00 
30.00 
19.0 
2.00 
38.00 
8078.6 
0.02 
161.57 
161.57 
20.00 
142.69 
0.05 
11.13 
8.48 
1.00 
14.48 
45.61 
115.96 
1.0 
30.00 
30.00 
19.0 
2.00 
38.00 
(c) Total dollars 60.00 60.00 68.00 68.00 
(5) Return to 
management dollars 11.59 18.91 39.18 47.96 
*There is a four dollar cost of custom application of fertilizer. 
^There is an annual cost of six dollars associated with farm irrigation facilities and water 
application. 
^This price is derived by assuming the land could be sold for five hundred dollars an acre, 
its opportunity cost in dry land farming, and the relevant interest rate is six percent. 
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(28) Py = Py (10.93 - O.O628X2) = PXg* The profit maximizing 
quantity of fertilizer to use is 134.2 pounds. The total production of 
corn is 5480.81 pounds and the total revenue is 109.62 dollars, see Table 
16. The net farm income, N, is specified by equation (29). 
(29) N = PyY - ^ *2^2 ~ ^  ^ ~ 78.91. However, since there was a 
four dollar fixed cost associated with custom application of fertilizer as 
well as the variable cost of the fertilizer it is not directly obvious that 
the fertilizer should be used. If the fertilizer had not been used the 
total revenue would have been 91.59 dollars and the net revenue would have 
been 71.59 dollars. Consequently, the increase in net farm income due to 
fertilizer is 7.32 dollars. This 7.32 dollars is also reflected in the 
return to management for management and risk-bearing. 
The net revenue as defined above accrues to land, labor and operator 
management. Usually the land and labor are valued at their opportunity 
cost and the remainder is the operator's return to management. Thus, if 
the quantity and opportunity cost of labor are as shown in Table 16, the 
imputed return to labor is thirty dollars. If the opportunity cost of the 
land investment is six percent per year then the return to land is thirty 
dollars. The residual of the net farm income is a reward for management 
and risk-bearing and is designated return to management. 
Production and income under irrigation (situation two) Assume that 
water and fertilizer can be used in variable proportions to produce corn. 
The profit maximizing amount of water and fertilizer are determined below, 
equations (30) and (31). 
SY 
(30) Py = Px^ 
55 
(31) py 3%; = 
By substituting the known prices. Table 16, and calculated marginal 
value products into (30) and (31) equations (30b) and (31b) are derived. 
(30b) 2(549.24 - 59.92X^ + O.O626X2) = 100 
(31b) 2(10.93 - O.O628X2 + 0.0626X^) = 5 
By solving (30b) and (31b) simultaneously for X^ and X^ the profit maximizing 
use of X^ becomes 8.48 acre inches and the profit maximizing use of X^ 
becomes 142.69 pounds. Using these quantities of water and fertilizer the 
total revenue from one acre of land becomes 161.57 dollars. After paying 
the variable costs the net farm income is 115.96 dollars. If the land and 
labor are rewarded at the same rate as under pre-irrigation conditions 
then the return to management is 47.96 dollars. 
Note that under irrigated conditions, situation two, the use of 
fertilizer is justified because the return to management is greater when 
fertilizer is used than when fertilizer is not used. 
Direct irrigation benefits The Bureau defines direct irrigation 
benefits as "the increase in net farm income resulting from the application 
of project water" (60, p. 111). Direct irrigation benefits thus include 
improved family living and increased payment capacity. Direct irrigation 
benefits and payment capacity are discussed in detail in Chapters 12 and 
13 respectively. However, this is an opportune time to point out some of 
the assumptions involved in determining direct irrigation benefits and 
payment capacity. 
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In the calculations in the preceding section the residual net farm 
income after land and labor had been paid their opportunity cost was 
designated as return to management. The assunçtion regarding water 
resources was that the farmer could buy all the water he wanted at 1.00 
dollar an acre-inch. Generally, when an irrigation project is considered 
the water price is one of the variables to be determined. This water 
price, payment capacity per acre-foot, is determined from the direct 
irrigation benefits. Consequently, the problem is to first determine 
direct irrigation benefits. 
The net farm income under situation one when the optimum quantity of 
fertilizer was used was 78.91 dollars. The net farm income under situation 
two when the optimum quantities of fertilizer and water were used was 115.96 
dollars. Thus the increase in net farm income resulting from irrigation, 
direct irrigation benefits, is 37.05 dollars. The amount of fertilizer and 
labor both increased to make the stated irrigation benefits possible. The 
fertilizer was valued at cost. The labor was also valued at cost, 
opportunity cost in the case of family labor, but is included in the 
direct irrigation benefit. Since there are more resources used in produc­
tion, hence more risk (?) and greater management required, the reward to 
the entrepreneur for management and risk-bearing should increase. In 
determining the payment capacity of farmers for irrigation water one tries 
to take these factors into consideration, however, some practical problems 
arise as are indicated in Chapter 13. 
There is some controversy about how the increase in net farm income 
should be assigned to the fixed factors of production and even to the 
variable factors. Given more than one fixed factor there is no way of 
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"correctly" allocating the residual. Land economists would argue that 
operator labor and management should be paid at an appropriate rate and 
the residual is a return to land. An economist interested in labors 
welfare would argue that the residual is due labor. The Bureau of 
Reclamation argues that the fixed factors should receive their opportunity 
cost and the residual should be allocated to water. The Bureau's 
determination of payment capacity of farmers is calculated based on this 
assumption. A significant point to note is that the demand for input 
is dependent upon the assumptions about the use of X^. To illustrate this 
the demand curve for water is first derived when fertilizer is a variable. 
Three additional demand curves for water are derived when the level of 
fertilizer use is held constant. 
Demand curves for water The demand curve for water (D^), 
when fertilizer is a variable input which can be purchased at five cents 
per pound, is represented by = 0.05 in Table 17. This demand 
function was determined by first stating equation (31b) in the form of X^ 
as a function of X^, equation (31c): 
10.93Py + 0.0626PyX, - Fx 
(31c) Xg ~ - 0.0628 
Second, substituting the value of from equation (31c) into equation (30b), 
and rearranging gives the quantity of water demanded, X^, as a function of 
Px^, Px^ and Py, as shown in equation (30c). 
549.24 + 0.0626 (10.93Py - Px ) + (0.0628)Px Py"^ 
(30c) X^ = 59.92 - (0.0626)Py 
The values of Px^ and Py are known from the data in Table 16. By 
assuming various prices of water the demnd curve (D^), in Table 17 was 
Table 17. Demand curves for water, under varying assumptions about fertilizer, X^, derived from 
corn production function: 
Y = 4579.45 + 549.24Xj^ + lO.SSXg - 29.96X^^ - O.OSlAXg^ + 0.0626X^X2 
Dxi Px^ = 0. 05; (D^) DXj_ Xg = 100; (Dg) *2 " 125; (D3) DXi X, .  150; (D^: 
*1 PX^ *2 PXi *1 PXi *1 PXi *1 
5.00 5.14 0.05 139.36 5.00 5.10 5.00 5.13 5.00 5.14 
4.00 5.97 0.05 140.19 4.00 5.93 4.00 5.97 4.00 5.98 
3.00 6.81 0.05 141.02 3.00 6.77 3.00 6.80 3.00 6.81 
2.00 7.65 0.05 141.86 2.00 7.60 2.00 7.63 2.00 7.65 
1.00 8.48 0.05 142.69 1.00 8.43 1.00 8.47 1.00 8.48 
0.00 9.32 0.05 143.52 0.00 9.27 0.00 9.30 0.00 9.32 
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generated. 
The demand curves for water with the level of fertilizer held constant 
are also reported in Table 17. The demand curve, ^ the 
demand for Xj^ when the level of is held at 100 lbs. of fertilizer. The 
other demand curves for water are for fertilizer levels of 125 and 150 
pounds. These demand curves for water, and respectively, were 
calculated by substituting the known values of X^ into equation (30b). The 
values of Py and Px^ had previously been substituted into the equation. 
The optimum level of fertilizer application varies from only 139.4 to 
143.5 pounds over the range of the water demand curve D^. Fertilizer 
application at levels of 100, 125 and 150 pounds made only minor shifts 
in ihe water demand curves Dg, and respectively. However, the 
optimum quantity of water that the farmer should use is dependent upon the 
level of fertilizer use and conversely. 
The discussion in this chapter has pointed out the production problem 
and the residual imputation problem. Also production functions were 
derived and yields for crop production activities were determined. In 
Chapter 3 the production problem is solved in a linear programming frame­
work. The imputation problem also exists in the linear programming 
analysis. 
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CHAPTER THREE. LINEAR PROGRAMMING 
Linear programming is a recently adopted but now widely used tool for 
empirical analyses of economic problems. It is one of three types of 
economic analysis that depend heavily on linear characteristics of economic 
problems. The three types of analysis are linear programming, input-output 
analysis and game theory. 
Linear programming has had many uses in addition to the varied 
application by economists (3, pp. 1-5; 29, pp. 1-2). 
Individual firms, regions, the nation or any other aggregation of 
economic activity faces normative problems of how factors of production 
may be best organized. Linear programming is frequently a useful tool 
to analyze these problems. 
Necessary components for linear programming analysis 
A problem which has an objective function, alternative methods of 
meeting the requirements of the objective function and restrictions on 
the quantity of resources available can be expressed as a linear 
programming problem. 
Objective function of an irrigation farmer The usual goal of an 
irrigation farmer is assumed to be profit maximization. However, additional 
goals of the farmer may be incorporated into the linear programming model. 
For example, the farmer may wish to use only family labor, or maintain a 
minimum size of a cow-calf beef enterprise, or wish to have a certain 
number of days of vacation per month, etc. 
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Alternative methods of production If a farmer has only one method 
of producing one crop, for example corn silage, then the problem of 
maximizing farm income is trivial and he should produce as much corn 
silage as possible subject to the relevant constraints. However, if there 
are numerous ways, i.e. different combinations of inputs called a process 
or an activity^, to produce corn silage and numerous processes to produce 
other activities, crops and/or livestock, then the problem of determining 
optimal production becomes very difficult. Linear programming is a useful 
tool in determining optimal resource allocation under these conditions. 
A process may be a method of changing inputs into outputs or a method 
of purchasing an input or a disposal activity. These outputs may be 
intermediate produces or final products. Intermediate products are used in 
the production of final outputs. In general if two processes require the 
same resources in the same proportions then they are the same process. A 
process may be illustrated graphically using the production functions in 
Figure 2. A yield of 14 tons of corn silage per acre is obtained from 10.14 
acre inches of irrigation water. A yield of 18 tons of corn silage per acre 
is obtained from 16.71 acre inches of irrigation water. While the enterprise 
is com silage in both cases, two different processes are represented 
because each yield of corn silage results from a different ratio of water 
and land. An infinite number of processes exist for producing corn silage 
because every point on the continuous production function represents a 
3 The terms process and activity are really not synonymous; but are 
often used interchangeably in the literature and will be here in this 
report. 
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Figure 2. Production function showing yield response of com silage to 
water 
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different process. For the purposes of linear programming one must choose 
certain points on the production surface and use the relevant coefficients 
in the program. 
Resource restrictions A linear programming problem does not exist 
unless there are resources of limited quantity. Thus, if the irrigation 
farmer does not have a limited quantity of water for irrigation, and/or 
limited land, and/or limited capital and/or a limit on some other resource, 
then he has no linear programming problem. If there are only a few 
resource restrictions then either arithmetic or graphics may be used to 
solve for the optimal combinations of products to produce. However, on 
most farms there are numerous resource restrictions and processes. 
Consequently, linear programming is a useful analytical tool. 
Concepts of linear programming 
Linear relationships Straight line relationships are equations with 
variables in the first power. Only straight line relationships are used in 
linear programming. As an example, again consider Figure 2. The process 
which yields 14 tons of com silage per acre by using 10.14 acre inches of 
irrigation water is a linear relationship, i.e. 
= (10.14/14) X^, where 
Y^ = yield of corn silage in tons per acre 
X^ = acre inches of water available for consumptive use per acre of 
land. 
Other processes can similarly be expressed as linear relationships. 
Linear inequalities Linear inequalities are used for two purposes. 
First, one must specify that outputs be nonnegative, that is greater than 
64 
or equal to zero. Second, one must allow for the possibility that the 
total quantity of an input may not be used. Hence, the amount of input 
used in production processes must be less than or equal to the fixed amount 
of the resource available. Linear inequalities may be converted to 
equalities by using disposal activities. These disposal activities will be 
discussed later. 
A geometric example of the production problem 
Basic data Assume that one has the following basic data for crop 
activities. Table 18 contains information on the amount of resources 
required to produce four different crop activities. Table 19 provides the 
relevant information on yields, product prices and production costs. Table 
20 is a statement of the resource constraints. 
Table 18. Input-output coefficients. Resource requirements per unit (one 
acre) of crop production activities 
Resource Unit 
Crop activities 
Barley 
B 17.93 B1 13.08 
(xp (%2) 
Corn silage 
CI 10.14 CI 16.71 
(Xj) (V 
Labor 
Land 
Water 
Capital 
Hours 
Acre 
Acre inch 
Dollar 
8.7240 
1.0 
7.93 
8.4207 
10.5411 
1.0 
13.08 
9.5104 
9.6985 
1.0 
10.14 
23.3284 
11.4640 
1.0 
16.71 
26.5507 
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Table 19. Basic yield and price data for crop activities 
Crop activities 
Barley (bu.) Corn silage (ton) 
Item Unit B17.93 B113.08 Clio.14 C116.71 
Yield per acre 55 65 14 18 
Price Dollars 1.02 1.02 6.00 6.00 
Gross return 
per acre 56.10 66.30 84.00 108.00 
Variable cost 
per acre 8.4207 9.5104 23.3284 26.5507 
Net return 
per acre 47.6793 56.7896 60.6716 81.4493 
Table 20. Resource constraints 
Resource Unit Quantity available 
Labor Hours 1000 
Land Acre 100 
Water Acre inch 1102 
Capital Dollar 1600 
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For the purposes of the graphic example assume the farmer has informa­
tion about only two activities, namely B17.93 and C116.71. What are the 
affects of the various resource restrictions on the quantity of activity 
B17.93 and activity CI 16.71 that can be grown? How many acres of B17.93 
and how many acres of CI 16.71 should be grown? 
Production possibilities curve The production possibilities open to 
the irrigation farmer can be determined by deriving a production possibilities 
curve. For each resource which has a fixed quantity one can determine a 
linear relationship. For example, given that B17.93 is expressed in acres of 
barley and CI 16.71 is expressed in acres of com silage, X^, the 
following linear relationship holds for the labor resource: 8.7240 X^ + 
11.4640 = 1050. Given this single equation, to determine the maximum 
amount of barley that can be produced hold X^ equal to zero and solve for X^^. 
Similarly solve for X^ by holding X^ equal to zero. 
One can set up similar equations for the land constraint, water 
constraint, and the capital constraint. If this procedure is followed for 
all four fixed resources then Table 21 is obtained. The data from Table 21 
is represented in Figure 3. Each straight line is an isoresource (constant 
amount of resource) curve which represents a production possibility curve 
for B17.93 and CI 16.71 when only that one particular resource is limiting. 
For example, for the water resource the production possibility curve 
represents all possible combinations of corn silage and barley that can be 
produced given the restraint of 2000 acre inches of water. The slope of the 
production possibility curve, the marginal rate of product substitution, 
represents the ratio of the required decrease (increase) in com silage to 
permit a one unit increase (decrease) in barley. When only one resource is 
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Table 21. Maximum number of acres of crops subject to resource constraints 
and alternative crop at zero level 
Resource 
Crop activities 
Barley (bu. ) 
B17.93 
Com silage (ton) 
cue.71 
Ratio acres 
bly/acre 
com silage 
Labor 
Land 
Water 
Capital 
114.64 
100.00 
138.97 
190.01 
87.23 
100.00 
65.95 
60.26 
1.31 
1.00 
2.11 
3.15 
used to produce two crops all of the resource would be used if the farmer 
were making a profit producing one or both of the crops. With two fixed 
resources and two crops (processes) there may be need for a disposal 
activity for the unused resource. With more than two resources and two 
processes disposal activities are always required unless some of the 
isoresource lines are identical. As additional resource constraints, land, 
labor and capital, are added the production possibility curve is changed. 
The production possibility curve is defined by the most constraining 
resources. Hence in Figure 3 the isoland curve is the constraint from b 
to c; the isowater curve is the constraint from c to d; and the isocapital 
curve is the constraint from d to e. The production possibility curve is 
defined as the curve bcde. Note that a different marginal rate of 
substitution, slope, exists for each of the segments of the production 
possibility curve. 
68 
138.97 
114,63 
ISOWATER CURVE 
100.00 ÎSOCAPITAL CURVE 
LU' 
ca 
u_ 
oo 
ISOLAND CURVE 
ISOLABOR 
CURVE 
O 
ACRES OF CORN SILAGE 
Figure 3. Production possibilities curve for corn silage and barley and 
iso-resource curves for labor, land, water and capital 
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The production possibility curve and the need for disposal activities 
has been discussed. The next step in determining the optimal or profit 
maximizing solution is to select the most profitable processes. 
"Profit-maximizing" choice with competitive products The profit 
maximizing objective function of irrigation farmers in this example with 
two products may be expressed as follows: 
Maximize PROFIT = Px^^ = 47.68 X^ + 8145 X^; 
where X^ and X^ are as previously defined and Px^ and Px^ are the "net 
return per acre" as derived and stated in Table 19. 
When linear programming problems are solved by hand using the simplex 
method or solved by computers the optimum combination of products, i.e. 
the solution, is determined by an iterative process. However, in this two 
product graphic example one may solve for the optimum combination of corn 
silage and barley in the following manner. 
The optimum output combination occurs when the marginal rate of 
product substitution is inversely equal to the product price ratio (28, 
pp. 255-258): 
dX, Px^ 
ï t ' Ï T  '  "her: 
4 1 
d means a small change in the relevant product. This profit maximizing 
condition can be illustrated on Figure 3 by the isorevenue line. The ratio 
of Px^ to Px^ is = 1.71. This price ratio can be used to construct 
the isorevenue line in Figure 3. The optimum combination of products is 
represented by point c in Figure 3 and consists of 35.19 acres of corn 
silage and 64.81 acres of barley. The gross revenue is 7436.36 dollars. 
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The net return is 5659.30 dollars. 
Feasible solutions and sensitivity analysis In Figure 3, all the 
area enclosed by abcde is feasible. The optimal solution, point c, is one 
of several basic feasible solutions to the production problem. Other basic 
feasible solutions consist of points a, b, c and e in Figure 3. At point a 
all the resources are in disposal activities. At point b all the land is 
used and there is some of each of the remaining resources in disposal 
activities. At point d water and capital are limiting resources and some 
land and some labor are in disposal activities. In the optimal solution, 
represented by point c all the land and water are used as inputs. Hence to 
increase production the farmer would have to increase either water or land 
or both until some other resource became a limiting factor of production. 
If product price were such that the farmer were producing at point d he 
could afford to pay a positive price for capital and water. However he 
could not afford to pay a positive price for labor and land because he 
already has more of these resources than he can profitably use in production. 
The exact amounts the farmer could afford to pay for land, capital, labor 
and water are called shadow prices and will be discussed later. 
In this two product graphical example the choice of which two 
processes to include had a large impact on the optimal solution and which 
resources were effective constraints. An increase in the price of com 
silage, other things remaining equal, will change the optimal solution from 
point c to point d. 
In general, the input-output coefficients, prices, and quantities of 
fixed resources all have a large affect on the optimal solution and which 
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resources are effective constraints. Consequently analyses encompassing 
changes in these parameters, called sensitivity analyses, is often crucial 
in recommending alternative courses of action to irrigation farmers or other 
decision makers. 
Linear programming model 
The previous sections serve as an introduction to the following 
discussions. Emphasis was placed on the three necessary components of a 
linear programming model, namely, the objective function, alternative 
methods of production and resource restrictions. Discussion in this 
section will again pertain to the basic problem of linear programning, 
maximizing an objective function subject to a set of restrictions which 
are expressed as inequalities. 
The linear programming problem is set up in terms of matrix algebra. 
The reader does not need to know matrix algebra to set up the problem. 
The important consideration in setting up the problem is to obtain reliable 
data. In the following discussion the data from Tables 18, 19, 20 and 21 
will be used to illustrate the algebraic format of a linear programming 
problem. 
The general linear programming maximization problem may be stated as 
4 
follows : Maximize c'X subject to 
AX ^ B and 
X iO 
_ 
The dual of the maximization problem is a minimization problem. The 
relationship of these two problems will not be discussed here but is often 
useful in economic analysis. 
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The meaning of the inequality signs will be discussed in more detail later 
but may sinçly be explained as follows. Ax i B restricts activities from 
requiring more units of a resource than are available. For exan^le, the 
number of acres of land used to produce crops cannot exceed the number of 
acres that are available to produce crops. The second inequality X & 0 
restricts negative values for activities. For exançle one cannot have 
minus twenty acres of barley. 
Objective function The objective function, profit maximization, 
is represented by c'X. This function may be expressed as follows in 
equation form: 
Maximize OJB = Px,X, + Px„X« + Px.X^ + Px,X, + OX^ + ... + 0X„. 
11 2 2 '"3 3 4 4 
In matrix notation this is expressed as: 
Maximize OJB = (Px^, Px^, Px^, Px^, 0, 0, 0, 0) 
8' 
L^ 8J 
From the above expressions one can see that c' is a matrix which consists 
of a row vector of prices.^ The X refers to a matrix, a column vector, 
showing the levels of output of activities. There are two types of 
activities. There are two types of activities; namely real and disposal. 
"A matrix is a rectangular array of numbers, that is an array of 
numbers arranged in rows and columns, i.e. row vectors and column vectors" 
(29, p. 378). Chapter 11 of this reference is a good introduction to or 
review of matrix algebra. 
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Real activities sre those which purchase or sell commodities and product 
commodities. Disposal activities are included to permit nonuse of 
resources. Intermediate activities, a subset of the real activities and 
which are not included in this example, supply products which subsequently 
become resources for other activities. The data from Tables lb, 19 and 20 
has been summarized in Table 22. Using the data from Table 22 the objective 
function is stated as: 
Maximize OJB = (47.68, 56.79, 60.67, 81.45, 0, 0, 0, 0) 
Corn S2 
Ely 1 
Ely 2 
B17.93 
B113.08 
Clio.14 
cue.71 
Labor disposal 
Land disposal 
Water disposal 
Capital disposal 
The row vector of prices represents the net return per acre from the 
crop activities. Thus, the prices associated with the real outputs are 
positive while the prices for disposal activities for this example are 
assumed to be zero. The values for the activities, represented by the 
column vector are unknown. It is the values of these activities which 
are determined when the linear program is solved. 
In a more complicated example where corn silage was considered as an 
intermediate product an accounting row would be introduced so that corn 
silage requirements for a final output, say beef, could be expressed in 
terms of tons, pounds or some other convenient unit of account of corn 
silage. Example three below illustrates this procedure. 
Table 22, Data for linear programming maximization problem^ 
Columns 
-
(X^) 
B17.93 
(Xg) 
B113.08 
(X3) 
Clio.14 
#4) 
C116.71 
(X5) 
Labor 
disposal 
<V 
Land 
disposal 
(Xy) 
Water 
disposal 
<V 
Capital 
disposal 
Net prices 
(dollars) 47.68 56.79 60.67 81.45 0 0 0 0 
Rows 
Labor 8.7240 10.5411 9.6985 11.4640 1 0 0 0 
Land 1.0 1.0 1.0 1.0 0 1 0 0 
Water 7.93 13.08 10.14 16.71 0 0 1 ' 0 
Capital 8.4207 9.5104 23.3284 26.5507 0 0 0 1 
*Thls table was taken from data in Tables 18 through 20. 
Table 22. Continued 
RHS (B) RHS 
Level of Matrix name 
Type of resource of resource 
constraint constraint constraint 
Net prices 
(dollars) 
Rows 
Labor = 1000 
Land = 100 Bg 
Water = 1102 B^ 
Capital = 1600 B^ 
V/i 
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Alternative processes One set of inequalities in the statement of 
the general linear programming model was AX ^  B. While the X component 
has already been discussed the B component will not be discussed until the 
next subheading. Presently we are interested in knowing what the A 
component is and how the elements are derived. An element is an 
individual number in the matrix. 
The A matrix is an n by m matrix where n is the number of rows and 
m is the number of columns. The generalized matrix may be written as: 
A = 
^11 ®12 ••• ®lm 
^21 ®22 ••• ®2m 
®nl \2 •** ®nm 
In this specific example the A matrix is: 
8.7240 
1.00 
7.93 
8.4207 
10.5411 
1.00 
13.08 
9.5104 
9.6985 
1.00 
10.14 
23.3284 
11.4640 
1.00 
16.71 
26.5507 
The elements of this matrix were taken from Table 22. Each element 
represents an input-output coefficient. For example a^^ is the second 
element in the third row and represents the number of acre feet of 
irrigation water which are required to produce one unit of B113.08. 
A bundle of resources is required to produce any output such as one 
unit, one acre, of corn silage. Not only is water required to produce one 
unit of Clio.14 but so is labor, land and capital. Consequently, a 
column vector represents an activity, i.e. a unique combination of 
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Inputs used to produce an output. 
The inequality AX i B may be written in matrix form using the data 
from Table 22 as: 
8.7240 10.5411 9.6985 11.4640 
'h 
1.00 1.00 1.00 1.00 
^2 
7.93 13.08 10.14 16.71 
^3 
< 
8.4207 9.5104 23.3284 26.5507_ 
r
 -
The first column in A, consisting of a^^, ... a^^ shows the amount of 
labor, land, water and capital required to produce one unit, one acre, of 
B17.93. Similarly column two is the activity associated with output 
B113.08, etc. The column vectors of the A matrix are called structural 
vectors. 
The first row of A, consisting of a^^, a^^ ... a^^ shows the amount 
of B^, labor, required to produce one unit of B17.93, B113.08, C110.14 
and C116.71 respectively. The B vector is called a requirements vector 
(resource restriction vector). 
Resource restrictions, linear inequalities and disposal activities 
The column vector S consists of the set of fixed resources which are 
available to the irrigation farmer. Using the data from Table 22 the 
column vector becomes: 
1000 
100 
1102 
1600 
bo 
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The third resource restriction, is 150 acre feet of water. The 
linear inequality for the water resource, which is found by multiplying 
the third row vector by the X column, becomes 8.7240 + 10.5411 X^ + 
9.6985 X^ + 11.4640 X^ + 1102. For every unit of activity B17.93 there is 
a requirement for 8.7240 acre inches of water. The other activities 
similarly have requirements for water. The requirements of the activities 
for other resources could similarly be expressed as equations with linear 
inequalities. An inequality indicates that not all the resource will 
necessarily be used in production. For purposes of computation it is 
simplifying to use equalities. However, using the above activities it may 
be mathematically impossible and/or economically irrelevant to force a 
solution where the equality holds. Consequently, disposal activities are 
introduced to allow nonuse of resources and use of equalities computation. 
Generally, one disposal activity is required for each resource restriction.^ 
When a disposal activity is introduced into the above equation it becomes: 
8.7240 X. + 10.5411 X. + 9.6985 X, + 11.4640 X, + 1.0 X, = 1102 
1 Z O *4 -/ 
X^ is a water disposal activity. 
Similar disposal activities may be introduced for the other fixed resources. 
The system of equations for AX = B is given by the bottom four rows of 
Table 22 if one miltiplies the coefficients by the X vector. 
Feasible solution, basic solution and optimal solution A feasible 
solution or plan is any set of activities which meets the requirements, 
after disposal activities are added, that AX = B and X 5 0. This is 
^For the exceptions to this rule see (2, p. 79). 
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comparable to the area enclosed by abcde in Figure 3, 
A basic solution is any set of activities, real or disposal, where 
the number of nonzero activities is equal to the number of resource 
restrictions. Thus there cannot be more than four processes, including 
real and disposal in a basic solution to the above example given in Table 
22. One basic feasible solution is to have all resources in disposal 
activities. This particular basic solution is frequently used as an 
initial plan in the optimizing procedure for solving linear programming 
problems. 
The basis is the set of nonzero processes in the basic feasible 
solution. Basic variables are the variables (outputs) produced by the 
activities in the basis. 
It is possible to show that all basic feasible solutions are 
represented by comers of the feasible region. See Figure 3 and related 
statements. 
Finding the optimal solution is greatly facilitated by usiug 
information provided by the basic theorem of linear programming. "We now 
bring together the two major conclusions of the preceding sections: 
(1) that an optimal solution can always be found among the corner points 
and (2) that a corner point represents a basic solution." From these we 
deduce the following version of the basic theorem of linear programming: 
"In any linear programming problem an optimal solution can be 
found be considering only the basic solutions. That is there 
will always exist an optimal solution in which the number of 
nonzero-valued variables, real or disposal, is exactly equal 
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to the number of constraints in the problem" (3, p. 82). 
Even though the number of relevant feasible solutions can be limited 
to the basic feasible solutions there are still a great number of 
possible solutions. The simplex method is a computational technique which 
has frequently been used to illustrate the iterative process of solving 
linear programs (29, pp. 53-108). The sinqilex method is discussed below 
under the subheading The Simplex Method. For machines there are more 
efficient computational procedures than the simplex method referred to 
above. Immediately below is a discussion relating to the solution of the 
linear programming problem given in Table 22. 
Solution and economic interpretation of a specific example 
The data from Table 22 was prepared for I.B.M. Mathematical Programming 
System/360 and the following results, see Table 23, were obtained. 
Objective function Due to the way this particular linear program 
has been set up, the objective or profit function represents the net 
profit per unit of activity times the number of units of the activity. 
Remember that the net prices were calculated from basic data. Table 19, 
and recorded in Table 22. The value of the objective function is 6008.52 
dollars. This level or value of the objective function may be checked by 
multiplying the real activities by their prices and taking the sum of these 
products. Using the information from Table 23 the value of the objective 
function is verified. 
To obtain the net profit to the farm the fixed costs associated with 
the fixed resources must be subtracted from the value of the objective 
function. 
81 
There are other alternatives which may be used with respect to prices 
of the activities. In a later example gross or market prices are used for 
the real activities. 
Activities included in the solution As discussed earlier and 
shown in Table 22, there are four real activities which may be used to 
satisfy the objective function. In addition to these four alternative real 
activities there are four disposal activities which may enter into the 
basis, the set of nonzero activities in the basic feasible solution. The 
activities included in the optimal basic solution are designated B.S. in 
the Basis column of Table 23. There are three real activities and one 
disposal activities in this optimal plan. The farmer should produce about 
56 acres of B17.93, 12 acres of C110.14 and 32 acres of C116.71. Some of 
the labor resources are not used. Due to the limitations on the land, 
water and capital resources the farmer is better off to leave some labor 
idle. An example below, using the same input data as the present problem, 
shows how the objective function is reduced if the farmer uses all his 
land, labor, water and capital resources. 
Shadow prices (marginal value product) and imputation of value 
product The shadow prices represent marginal value products of 
resources. Only scarce resources have positive marginal value products. 
The marginal value product of a resource indicates the amount the 
objective function would be increased by a one unit increase in the 
resource. Labor is a surplus in this example, consequently acquisition 
of additional units of this resource would not increase the objective 
function. The shadow price of labor is zero. However, since land, water 
Table 23. Optimal solution for linear programming maximization problem using net prices for 
activities in objective function 
Rows Status 
Objective function 
and real 
activities 
Disposal 
activities 
Resources Opportunity cost 
of real 
activities 
Level Price 
Level 
of use 
Shadow 
price 
OBJ 
Labor 
Land 
Water 
Capital 
BS 
BS 
UL 
UL 
UL 
6008.51681 
27.86897 972.13103 
100.0 
1102.0 
1600.0 
0 . 0  
20.63171 
2.94998 
0.43404 
Columns 
B17.93 
B113.08 
Clio.14 
C116.71 
BS 
LL 
BS 
BS 
56.13512 
0 . 0  
11.58807 
32.27681 
47.68 
56.79 
60.67 
81.45 
-6.55539 
83 
and capital are in limited supply they have positive shadow prices. If 
the farmer acquired one additional unit of water it would increase the 
objective function by approximately 2.95 dollars, the amount of the 
marginal value product of water. 
The marginal value products are used for imputing the total value 
product. If resources are paid their marginal value product then they will 
exhaust the total value product, objective function. This fact may be 
used as a check on computations. 
With respect to shadow prices there are two important points to 
emphasize. First the shadow prices represent the marginal value product 
of the resources. For example, if water were increased by one unit the 
marginal value product would be 2.95 dollars. However, if more units of 
water were added the shadow price of water could be driven to zero where 
water would no longer be a limiting factor of production. Secondly, one 
must be careful about the imputation problem. If all the total value 
product were paid to the water and capital resources, i.e. if they were 
paid their shadow price, then there would be no payment for fixed costs, 
land or labor. This imputation problem constitutes a major part of the 
analytical work in Chapter 13. However it should not deter from this 
presentation of the mechanics, model building and interpretation of 
linear programming. 
The simplex method 
An alternative procedure of introducing linear programming models 
would have been to go through the simplex method of solving linear 
programming problems. The important analytical work is obtaining the 
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data and setting up the problem. The computational steps of the simplex 
method may be made by clerical help. It is strongly recommended that 
people not familiar with the simplex method read and work through Chapter 
Three of Heady and Candler (29) omitting pp. 86-108. To make the problems 
of Chapter Three more interesting in terms of irrigation consider the land 
resource to be irrigation water. Remember that the formulation of the 
problems and economic interpretation are the important considerations 
rather than the method of computation. 
Example showing the role of disposal activities^ 
Disposal activities were discussed in an earlier part of this paper 
under the heading "resource restrictions, linear inequalities, and 
disposal activities". It was stated at that time that it may be 
mathematically infeasible and/or economically irrelevant to force a 
solution to the linear program where all the resources are used. The 
solution to the exan^le above had some of both the labor and land 
resources in disposal activities. The goal of the present example is to 
show that if the linear program is forced to use all the resource, labor, 
land, water and capital, then the objective function will be reduced or 
the problem will be infeasible. The linear programming problem in Table 
24 is identical to the linear programming problem in Table 22 except that 
g 
the disposal activities have been removed. By not allowing disposal 
^For an illustration using the sicq)lex method see (29, pp. 78-81). 
g 
The problem was set up such that no resources would be left in 
disposal activities. However, for purposes of obtaining au initial basis 
in the process of solving the problem the disposal activities are included 
and play an important role. 
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Table 24. Data for linear programming maximization problem when all 
resources must be used for production 
RHS level 
Type of 
of resource 
con­ con­
B17.93 B113.08 Clio.14 C116.71 straint straint 
Net prices 47.68 56.79 60.67 81.45 
(dollars) 
Rows 
Labor 8.7240 10.5411 9.6985 11.4640 1000 
Land 1.0 1.0 1.0 1.0 100 
Water 7.93 13.08 10.14 16.71 rs 1102 
Capital 8.4207 9.5104 23.3284 26.5507 1600 
activities to enter into the optimal basis all resources will be used to 
produce crop activities or else the problem will be infeasible. The 
linear programming maximization problem specified in Table 24 was set up 
but was found to be infeasible. 
Introduction of negative prices and coefficients, accounting rows and 
selling products 
The following example is the same as the first example in terms of 
the data used. However, in preparation for larger more realistic models 
certain additions have been made in terms of activities and rows. 
Table 25 has been derived from the same data which was used to 
develop Table 22. The data in Table 25 will be discussed in terms of 
resource constraints, alternative processes and the objective function. 
Table 25. Data for linear programming maximization problem where negative prices and negative 
input-output coefficients are included 
Labor Land Water Capital 
B17.93 B113.08 C110.14 C116.71 disposal disposal disposal disposal 
Prices -8.4207 -9,5104 -23.3284 -26.5507 0 0 0 0 
Rows 
Labor 8.7240 10.5411 9,6985 11.4640 10 0 0 
Land 1.0 1.0 1.0 1.0 0 1 0 0 
Water 7.93 13.08 10.14 16.71 0 0 10 
Capital 8.4207 9.5104 23.3284 26.5507 0 0 0 1 
Barley -55.0 -65.0 0 0 0 0 0 0 
Corn 0 0 -14.0 -18.0 0 0 0 0 
Table 25. Continued 
Type of RHS level of 
SELLBLY SELLCS constraint resource constraints 
Prices 1.20 6.00 
Rows 
Labor 0 0 = 1000 
Land 0 0 = 100 
Water 0 0 1102 
Capital 0 0 = 1600 
Barley 1.0 0 = 0 
Corn 0 1,0 = 0 
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Resource constraints Two additional rows have been added to the 
linear programming problem. CORNS and BARLEY are accounting rows for com 
silage and barley respectively. The purpose of accounting rows will 
shortly be self evident. Initially the accounting rows are set equal to 
zero, i.e. zero resource constraint. This means that before the program is 
solved the farmer has no stocks of corn silage or barley which he could 
sell. Notice that no disposal activities are necessary for the CORNS or 
BARLEY rows because the selling activities have column entries which can 
be used in the initial basis. There would never be unused or disposal 
quantities of CORNS or BARLEY because silage and barley can be sold to 
increase the objective function via activities SELLCS and BARLEY 
respectively. No harm would be done in setting up disposal activities for 
CORNS and BARLEY. The machine computation automatically sets up disposal 
activities for all rows. 
Activities While the disposal activities remain the same as they 
were before, see Tables 22 and 25, there are two more real activities in 
this example than in the initial example. The two new activities are 
selling activities. For this example SELLCS is a com silage selling 
activity that requires only one unit, one ton, of CORNS, corn silage. In 
a more realistic example one would expect a corn selling activity to require 
some LABOR and CAPITAL. The market prices are used for SELLCS and SELLBLY. 
The crop activities have different prices now than in the original 
example and each has a negative entry in the relevant accounting row. The 
negative price for C110.14 represents the variable costs of producing one 
unit, one acre, of the activity. In this example the prices are treated as 
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the farmer would encounter them. Thus, as described above, the price on 
the crop activities represents variable production costs while the selling 
activities have the market prices of the products. 
The negative aij's merely indicate that the activity supplies that 
many units of the i^^ resource. Thus C110.14 not only requires 9.6985 
units of labor, 1.00 units of land, 10.14 units of water and 23.3284 units 
of capital but also supplies 18.0 units, tons, of CX)BNS. CORNS, a corn 
silage accounting row, thus keeps track of the amount of corn produced by 
Clio.14 and C116.71 and the amount sold by SELLCS. 
To become more familiar with problems such as the one currently being 
discussed the reader should study (29, pp. 109-131). The problem (2, 
Chapter 4) is slightly more difficult than the one being considered here 
but is adequately similar so that few difficulties should be encountered 
in reading. 
Objective function The value of the objective function is still 
the summation of the quantities resulting from the multiplication of the 
prices times the level of real activities. The solution to the problem 
stated in Table 25 is given in Table 26. 
Solution The basic data used in the present example was also used 
in the initial example consequently there should be similarities between 
the results which are given in Tables 23 and 26. The similarities in 
results are listed below. First, the level of the objective function is 
the same in both examples. Second, the level of resource nonuse is the 
same in both examples. Thirdly, the level of resource use is the same in 
both examples. 
Table 26. Optimal solution for linear programming maximization problem using accounting rows 
and selling activities 
Columns 
Objective 
function and 
real activities 
Disposal 
activities 
Resources Opportunity 
cost of real 
activities 
Rows Level Price Level 
of use 
Shadow 
price 
OBJ 
Labor 
Land 
Water 
Capital 
Barley 
Corns 
BS 
BS 
UL 
UL 
UL 
UL 
UL 
6008.47346 
27.86897 972.13103 
100.0 
1102.0 
1600.0 
0 . 0  
20.63278 
2.94952 
0.43426 
1 .02  
6.00 
B17.93 
BUS.08 
Clio.14 
C116.71 
SELLBLY 
SELLCS 
BS 
LL 
BS 
BS 
BS 
BS 
56.13512 
0 .0  
11.58807 
32.27681 
3087.43169 
743.21552 
-8.4207 
-9.5104 
-23.3284 
-26.5507 
1.02  
6.00 
•6.55297 
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Comparison with first example The difference between the two 
examples are listed below. First, there were four activities in the 
initial solution and there are six now. The two additional activities are 
the selling activities SELLCS and SELLBLY. Second, the level of real 
activities are the same in both examples but their prices have changed. 
Third, while the shadow prices of the scarce resources LAND, WATER and 
CAPITAL have remained the same there are two additional shadow prices. 
The marginal value product for SELLCS shows that an additional unit, one 
ton, of CORNS would increase the objective function by 6.0 dollars. The 
shadow price of 6.0 dollars for CORNS is due to the fact that if one 
additional unit of CORNS were available it would allow SCORNS to increase 
by one unit, hence increasing the objective function by 6.0 dollars which 
is the market price of com silage. The shadow price of 1.02 dollars for 
BARLEY could similarly be traced back to the market price of 1.02 dollars 
for one unit of SELLBLY. 
The above example has served as an introduction to the meaning and use 
of negative input-output coefficients and negative prices. These negative 
coefficients and prices are used extensively in more complicated linear 
programming models. However, with a basic understanding of the use and 
interpretation of negative and positive input-output coefficients and 
prices the reader can proceed to understand larger linear programming models. 
The most important considerations in linear programming are the data, setting 
up the problem and interpreting the results. The actual solving of the 
linear programming problem is important but is secondary and should be 
emphasized here only to the extent that it illuminates the above listed 
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important considerations. The supplementary readings listed for each 
section will be helpful in understanding linear programming. 
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CHAPTER FOUR. RESOURCE CONSTRAINTS AND REPRESENTATIVE FARMS 
The general farm model 
One basic model was used for the twenty-four representative farms in 
the Emery County Project. Modifications were made in the basic model for 
each farm. These modifications consisted of (a) changing the resources, 
right hand side, in the linear programming model, and (b) permitting 
alternative means of satisfying the objective function. The resource 
constraints and activities used in the representative farm models are 
based mainly upon information about farms in the Emery County Project Area. 
This chapter contains a discussion about the determination of representative 
farms and the resources on farms. First a brief description of the firm's 
objective function, activities and resources will be presented. 
The objective function The objective function is assumed to be 
profit maximization. The price associated with each activity is listed as 
an OBJ coefficient in the activity. The activities are listed under the 
9 
columns section of the program in a supplement. 
The alternative processes As stated above the activities are listed 
in the supplement, under the heading, COLUMNS. There are 313 real 
activities listed. The disposal activities required for the program, one 
for each row, are automatically included in the program and are not listed. 
The activities are listed below according to general subject matter. 
Table 27. The activity names and coefficient derivation are discussed 
extensively in Chapter 5. 
9 
A supplement containing the coefficients of linear programming models 
is available. 
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Table 27. General classification of activities included in general farm 
linear programming model 
Subject matter Activity number(s) 
Land related activities 180-189 
Capital related activities 190-222 
Labor related activities 223-246 
Crop labor related activities 247-286 
Water related activities 287-316 
Crop selling and purchasing activities 317-318 
Crop transfer activities 319-323 
Livestock activities 324-327 
Building activities 328-336 
Building transfer activity 337 
Miscellaneous activities 338-341 
Crop producing activities 342-493 
The resource constraints The rows in the linear programming 
problem are listed in a supplement. 
The constraints and accounting rows are listed below in terms of 
general subject matter. Table 28. 
In analyzing the irrigation project as an entity there are problems 
associated with estimating farm firm water demand functions. In this 
study the research tool, linear programming, will be applied to derive 
water demand functions for individual farms. There are a number of 
different types of errors which may influence the demand functions 
derived. The next portion of this chapter is designed to describe the 
model used for estimating demand functions and three types of errors that 
supplement containing the coefficients of the linear programming 
models is available. 
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Table 28. General classification of rows included in the general farm 
linear programming model 
Subject matter Row number 
Objective function 1- 2 
Land constraints 3- 12 
Labor constraints 13- 49 
Crop labor related constraints 50- 87 
Capital constraints 88- 99 
Tractor accounting rows 100-112 
Water related constraints 113-142 
Miscellaneous crop accounting rows 143-154 
Crop accounting rows 155-160 
Livestock feed accounting rows 161-162 
Building accounting rows 163-171 
Livestock accounting rows 172-175 
Miscellaneous accounting rows 176-179 
may occur. This discussion is included here because it is the resource 
constraints which have a major impact on the normative demand curves 
derived in this study. 
Demand estimation procedure 
There are a number of steps involved in the resource demand estimation 
procedure: 
(1) The population and resource need to be well defined. 
(2) Data on production processes, marketing alternatives 
and resources should be collected from a fairly large 
sample of individual farms in the population. 
(3) Generally the number of farms sampled is too many to 
analyze with linear programming. Thus, the sampled 
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farms should be stratified into similar groups and 
a representative farm synthesized to represent 
each group. 
(4) A linear programming model is developed for each 
representative farm. A demand function for water is 
then derived by parametric price programming. 
(5) The water demand function of the representative farm 
for each farm group is weighted by the appropriate 
weight for that group. The result is a water demand 
curve for each group of farms. 
(6) The aggregate demand for water by farms in the sample 
is found by horizontally summing the group demand curves. 
(7) The aggregate demand for water by farmers in the project 
area is derived by expanding the sample estimates to 
population estimates. 
Occasionally the estimation procedure may be modified. For example, 
if all farms in the population are sampled, then the steps relating to 
sampling, (2) and (7), may be omitted. If all farms are programmed, 
then the grouping steps in the procedure may be omitted. 
Errors in the demand estimation procedure There are three 
sources of error in the demand estimation procedure. These three 
sources of error have been stated as follows: 
1. Specification error arises because the programming model 
fails to reflect accurately the conditions actually facing 
the farm firm for a given length of run. Specification 
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error may include errors in the technical coefficients, 
the resource restrictions and input prices. 
2. Sampling error arises when the distribution of the model's 
parameters over all firms in the population is not known 
but is estimated by sampling techniques. 
3. Aggregation error as defined by Frick and Andrews is "the 
difference between the area supply function as developed 
from the summation of linear programming solutions for 
each individual farm in the area and summation from a 
smaller number of typical or benchmark farms" (48). 
Miller has a comment on the previous definition of specification error 
in which he differentiates between model building and data collecting. 
"This definition does not agree completely with the traditional concept of 
specification error. Failure to incorporate appropriate activities and 
restraints and incorrect specification of the objective function are 
obviously specification errors. In contrast, errors in estimating 
technical coefficients and product and input prices appear to be more a 
problem of sampling than a problem of specification" (48, p. 7). 
Each of these three errors is related to the seven step estimation 
procedure. Specification error may arise in step (4) where a linear 
programming model 5s developed for each farm. Sampling error may occur 
in step (2) and step (7) which involve obtaining a sample of farms and 
estimating population totals. Steps (3) and (5) may involve aggregation 
error where the farm groups are specified and the group demand curves for 
water are derived. 
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These three sources of error are not the only types of error that 
may occur (48). 
Miller states that these three types of errors are not independent 
(48, p. 8). However, there is no logical reason why they are not 
independent. For example, whether or not a sampling error is committed 
should not affect whether or not a specification error is committed. The 
researcher would have no specific information about the sampling error, if 
he did he could correct it, and consequently would proceed with delineating 
the farms into groups. 
The solution to the problem of sampling error is to be found in 
I 
sampling theory. The specification error problem involves the field of 
study which uses linear programming in farm management and production 
economics. Relatively little is known about the aggregation error 
problem. Some theoretical and applied work has been done involving 
estimation of supply functions from representative farm linear programming. 
Miller has a review of these studies and pursues the problem further (48). 
However, the aggregation error involved in estimating demand functions 
from representative farm linear programming has received little attention. 
The seven steps in the demand estimation procedure will be used as a 
format to discuss the representative farms for the Emery County Project. 
Population-Emery County farms The farms in the Emery County Project 
having forty or more acres with water rights were defined as the population 
of interest in this study. 
Farm survey This study is based on primary and secondary data 
collected by the Bureau of Reclamation and some additional secondary 
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information. The primary data was collected in 1959 from 112 farmers on 
type of farming, resources, cultural practices, input-output data, etc. 
The primary data were collected in a selective manner. "A special effort 
was made to obtain information from the more representative farmers, 
particularly those that were considered full-time operators" (60, p. 1). 
"Secondary data utilized in this study was obtained from several 
sources. Information from the United States Department of Agriculture, 
Agricultural Experiment Station bulletins. County Agents and private 
enterprises has been assembled and developed over a period of years by the 
Bureau of Reclamation to assist in farm input and output requirements. 
Specific reference will be made to various sources of data throughout the 
report" (60, p. 1). Secondary data which was used in addition to that 
reported in the Emery County Project Report is referenced in this study. 
Stratification of sample farms into groups The factors considered 
in stratification of farms into groups were: (1) two watersheds, the 
Cottonwood and the Huntington, within the project, (2) four different types 
of farms and (3) three different sizes of farms. 
Two service areas The ratio among land classes varies between the 
Cottonwood Area and the Huntington Area. There is also a difference in 
the water-land ratio between the two areas. While the quantity of water 
available is very similar in each area, the amount of irrigable land, 
classes 1, 2S, 3S and 6W is considerably greater in the Huntington Area. 
For these reasons representative farms need to be constructed for each area. 
Four farm types The fara survey revealed that the farms were 
mainly livestock farms (Table 29). While it is not stated in the Bureau 
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study it is assumed that the criterion for farm type is similar to that 
used by the United States Census of Agriculture. To be classified as a 
particular type, a farm had to have sales of a product of groups of products 
amounting in value to fifty percent or more of the total value of all farm 
products sold during the year. 
Table 29. Farm types by percent in farm survey and by percent of land area 
in budget analysis 
Type 
Percent in Percent of project area 
farm survey in budget analysis 
Beef 49 44.9^ 
General 26 25.1^ 
Beef and sheep 10 
Dairy 6 10 
Sheep 6 20 
Cash crop 3 
Total 100 100 
*(60, p. 7) 
^(60, Tables 49-72, pp. 76-99). 
^Beef farms where yearlings are sold as feeder cattle. 
^Beef farms where yearlings raised on the farm are fattened on the 
farm and sold as fat cattle. 
Tne farm types which the Bureau considered to be representative of 
future farming conditions in Emery County with and without the irrigation 
project were two types of beef farms, dairy and sheep farms (60, p. 74). 
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While most of the dairy farms were producing milk for manufacturing butter 
or milk in 1959, the Emery County Extension Agent said the prevailing 
trend is toward Grade A dairy producers. The dairy farms included in the 
Bureau's budgets were assumed to sell sixty-five percent Grade A and 
thirty-five percent Grade C milk (60, p. 19). Beef producing farms are 
expected to remain a major type of farm in the project area. The production 
of sheep has increased according to agricultural leaders (60, p. 75). 
Consequently, sheep type farms are expected to increase slightly in the 
future and were assumed to exist on twenty percent of the land in the 
project over the life of the project. 
Three farm sizes The farm size stratification factor is thought 
to have a substantial impact upon economic benefits from water and 
farmer's ability to pay for water. 
Other possible stratification factors Soil type may be an important 
stratification factor in analyzing some projects. In the Emery County 
Project the various soil classes were quite well dispersed throughout the 
project. Consequently the inclusion of all soil classes in all represent­
ative farms was considered to be less of a specification error than 
delineation of representative farms for each soil class. If arable soil 
class had been considered as a stratification factor, then there would 
have been seventy-two representative farms. The number of representative 
farms is determined by the number of combinations possible when all 
alternatives of the included stratification factors are considered. 
There would have been 2 project areas, 4 farm types, 3 farm sizes and 3 
soil classes for a total of 2'4*3"3=72 representative farms. This number 
would have been more difficult to analyze and would have included a larger 
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specification error, than the twenty-four analyzed in this study. 
Depending upon the objectives of the study and the project being 
analyzed there may be other stratification factors that should be 
considered. 
Representative farms The stratification factors included in 
determining representative farms are service area, farm type and farm size. 
Farm sizes were derived by the following calculations. The distribu­
tion of farms by size class in terms of irrigated acreage was available 
from farm survey data (Table 30). The irrigated acreage given in Table 3 
includes all land with water rights, arable land classes 1, 2S, and 3S 
and nonarable land class 6W. Since it is expected that farm size will 
greatly influence economic benefits and payment capacity, it is desired 
to have the three farm sizes represent approximately equal numbers of farms. 
An estimate of total acres in sampled farms by size class was derived by 
multiplying the size class midpoint by the number of farms. Normally 
these total acreage figures would be known from the farm survey and would 
not have to be estimated. 
The cumulative acreage is broken into three groups and the midpoint 
for each group is determined (Table 31). The size of representative farms 
was chosen to roughly correspond to the midpoint of the three groups. 
There were other considerations as well. The sizes of the farms, expressed 
in total acres with water rights, became one hundred, one hundred sixty-two 
and two hundred fifty acres respectively. 
The amount of arable land was determined as follows. Since the land 
classification had revealed that about forty percent of the irrigated land 
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Table 30. Size of sample farms, irrigated acres 
Total 
No. of Percent acres 
Size class farms of farms (cumulative) 
41-49 6 5 270 
50-74 18 16 1386 
75-99 15 13 2691 
100-124 21 19 5043 
125-149 13 12 6824 
150-199 18 16 9974 
200-249 6 5 11324 
250-299 7 6 13249 
300-349 5 5 14874 
350 plus 3 3 16074 
Total 112 100 
^Several farms with less than 40 irrigated acres were not included. 
"Most of these are part-time farmers who work in coal mines as a regular 
job and farm on a part-time basis. It is not considered necessary to 
analyze these farms because in nearly all cases they would have the 
ability to pay the same rates for water as those farming on a full-time 
basis" (60, p. 11). 
^This was determined by taking the midpoint of the size class and 
weighting by the number of farms. 
located within the project boundaries is 6W, it was assumed that sixty 
percent of the land was cultivated. The number of cultivated acres in the 
three size classes of representative farms would then be sixty, ninety-
seven and two-tenths and one hundred fifty acres. These farms will 
Table 31. Data showing determination® of size of representative of farms in irrigated acreage 
(acres) 
Irrigated acreage Farm size groups 
Cumulative Specified Arable Percent of 
Size class total Ranges Midpoint Name size acreage arable land 
41-50 270 
50-74 1,386 
75-99 2,691 
100-124 5,043 
125-149 6,824 
150-199 9,974 
200-249 11,324 
250-299 13,249 
300-349 14,874 
350 plus 16,074 
0 
2,679 Small 100 60 31.37 
5,358 
10,716 8,037 Medium 162 97.2 30.68 
13,395 Large 250 150 37.95 
16,074 
^he calculations are discussed in the text. 
^(60, Table 5, p. 11). 
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be referred to as small, medium and large (Table 31). 
The data in Table 32 on total arable land and 6W land in the Cottonwood 
Area and Huntington Area have been taken from (62, Table 25, p. 64). There 
were no data on the total range land owned by farmers in the Emery County 
Project. The farm survey revealed that there was an average of 3.37 acres 
of nonirrigated land for each irrigated acre (60, p. 11). The ratio of 
3.34 was used in Bureau's budgets and will be used in the representative 
farms. 
The percent of arable land column in Table 32 is derived by dividing 
the total land column by the total arable land for the appropriate 
service area. 
The final calculation in determining the land and public grazing 
resources available on the three sizes of farms is to multiply the column 
designated "percent of arable land" by the number of arable acres for the 
small, medium and large farms and divide by one hundred. 
Using the data from Table 32 the representative farms were partially 
delineated for the Cottonwood Service Area, Table 33, and the Huntington 
Service Area, Table 34. 
The discussion above has pertained to steps one through four of the 
demand estimation procedure. The remaining steps in this procedure are 
completed in Chapters 6 and 10. The aggregate water demand curves are 
discussed in Chapter 10. The weights used in determining the group water 
demand curves and the aggregate water demand curves are derived in Table 35. 
Table 32. Determination of irrigated acreage in farms by size* 
Percent Farms by size (arable acres) 
Farm Soil. Total of arable Small Medium Large 
Watershed type class land^ land 60.0 97.2 150 
Arable 
Cottonwood All 1 400 8.244 4.9464 8.0132 12.3660 
2S 1,583 32.626 19.5756 31.7125 48.9390 
3S 2,869 59.130 35.4780 57.4744 88.6950 
Total 4,852 100.000 60.0000 97.2001 150.0000 
Nonarable 
All 6W 4,716 97.197 58.3182 94.4754 145.7955 
Nondairy Range 334.0 200.4 324.648 501.0 
Arable 
Huntington All 1 2,705 20,600 12.3600 20.0232 30.900 
28 6,108 46.516 27.9096 45.2136 69.774 
35 4,318 32.884 19.7304 31.9632 49.326 
Total 13,131 100.000 60.0000 97.2000 150.000 
Nonarable 
All 6W 8,224 62.63 37.578 60.8764 93.945 
Nondairy Range 334.0 200.4 324.648 501.0 
Public Animal 
Project Beef range unit months 
B.L.M. 32,775 260.36^ 156.2 253.1 390.5 
F.fî. 5,995 47.62® 28.6 46.3 71.4 
Sheep B.L.M. 13,008 361.67® 217.0 351.5 542.5 
F.S. 2,611 72.60® 43.6 70.6 108.9 
^Discussed in text. 
^(62, Table 25, p. 64). 
^This figure is percent of arable land in the total project. 
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Table 33. Land, resources in the representative farms^ for the Cottonwood 
Area 
Farm Land Farm size 
type class Small Medium Large 
Dairy 
Beef 
Sheep 
Beef 
1 
2S 
3S 
6W 
Total 
Rangeland 
B.L.M. 
F.S. 
1 
2S 
3S 
6W 
Total 
Rangeland 
B.L.M. 
F.S. 
1 
2S 
3S 
6W 
Total 
4.9464 
19.5756 
35.4780 
58.3182 
118.3182 
4.9464 
19.5756 
35.4780 
58.3182 
118.3182 
200.4 
156.2 
28.6 
4.9464 
19.5756 
35.4780 
58.3182 
118.3182 
Rangeland 200.4 
B.L.M. 217.0 
F.S. 
1 
2S 
3S 
6W 
Total 
Rangeland 
B.L.M. 
F.S. 
43.6 
4.9464 
19.5756 
35.4780 
58.3182 
118.3182 
200.4 
156.2 
28.6 
8.0132 
31.7125 
57.4744 
94.4754 
191.6755 
8.0132 
31.7125 
57.4744 
94.4754 
191.6755 
324.648 
253.1 
46.3 
8.0132 
31.7125 
57.4744 
94.4754 
191.6755 
324.648 
351.5 
70.6 
8.0132 
31.7125 
57.4744 
94.4754 
191.6755 
324.648 
253.1 
46.3 
12.3660 
48.9390 
88.6950 
145.7955 
295.7955 
12.3660 
48.9390 
88.6950 
145.7955 
295.7955 
501.0 
390.5 
71.4 
12.3660 
48.9390 
88.6950 
145.7955 
295.7955 
501.0 
542.5 
108.9 
12.3660 
48.9390 
88.6950 
145.7955 
295.7955 
501.0 
390.5 
71.4 
Five percent of the cultivatable land is used as building sites. 
Discussed in text. 
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Table 34. Land resources in the representative farms^ for the 
Huntington Area^ 
Farm Land Farm size 
type class Small Medium Large 
Dairy 1 12.36 20.0232 30.90 
2S 27.9096 45.2136 69.774 
3S 19.7304 31.9632 49.326 
6W 37.578 60.8764 93.945 
Total 97.578 158.0764 243.945 
Rangeland - - — — - -
B.L.M. - - - - - -
F.S. - - — — - -
Beef 1 12.36 20.0232 30.90 
2S 27.9096 45.2136 69.774 
3S 19.7304 31.9632 49.326 
6W 37.578 60.8764 93.945 
Total 97.578 158.0764 243.945 
Rangeland 200.4 324.648 501.0 
B.L.M. 156.2 253.1 390.5 
A.U.M. 28.6 46.3 71.4 
Sheep 1 12.36 20.0232 30.90 
2S 27.9096 45.2136 69.774 
3S 19.7304 31.9632 49.326 
6W 37.578 60.8764 93.945 
Total 97.578 158.0764 243.945 
Rangeland 200.4 324.648 501.0 
B.L.M. 217.0 351.5 542.5 
F.S. 43.6 70.6 108.9 
Beef 1 12.36 20.0232 30.90 
2S 27.9096 45.2136 69.774 
3S 19.7304 31.9632 49.326 
6W 37.578 60.8764 93.945 
Total 97.578 158.0764 243.945 
Rangeland 200.4 324.648 501.0 
B.L.M. 156.2 253.1 390.5 
F.S. 28.6 46.3 71.4 
^ive percent of the cultivatable land is used as building sites. 
Discussed in text. 
Table 35. Weights for representative farms 
Farms Weights for aggregation 
Total arable Percent Number of farms by type* 
land in of Total Beef 
service Size arable Arable number (fattening 
Watershed area (acres) land land of farms Dairy yearlings) Sheep Beef 
Cottonwood 4, 852 60 31, .37 1, 522, .0724 25 .3679 2, 5368 6, .3673 5, .0736 11, .3902 
4, ,852 97.2 30, .68 L ,488, .5936 15, .3147 1. 5315 3, .8440 3, .0629 6, .8763 
4, ,852 150 37, .95 1: ,841, .3340 12, .2756 1. 2276 3, .0812 2. 4551 5. 5117 
4, ,852 Total 100. 00 4, ,852, .0000 52. ,9582 
Huntington 13, 131 60 31. ,37 4, ,119. ,1947 68. ,6532 6. ,8653 17. ,2320 13. 7306 30. ,8253 
13, 131 97.2 30. 68 4, ,028. ,5908 41. ,4464 4. 1446 10. ,4031 8. ,2893 18. ,6094 
13, 131 150 37. 95 4, ,983. 2145 33. 2214 3, ,3221 8. ,3386 6. 6443 14. ,9164 
13, 131 Total 100. 00 13, 131. 0000 143. 3210 
^The percent of farms by type are 10, 25.1, 20 and 44.9 of dairy, beef where offspring are 
fattened, sheep and beef where yearling feeders are sold (Table 29). 
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Resource constraints of representative farms 
The rows in the linear programming models of the representative farms 
may have constraints associated with them. Some of the rows may have zero 
constraints. In this case the row would not be listed in the right-hand 
side as a resource constraint. The resource constraints are only briefly 
discussed below. More detailed information can be obtained from the author. 
Land constraints The land constraints in the linear programming 
models for the representative farms are taken from Table 34. These land 
constraints vary among some farms due to size, type and location of the 
farm. 
The lands included in the model are: (a) cultivated land classes 1, 
2S and 3S ; (b) irrigated permanent pasture, land class 6W; (c) range land 
and (d) grazing land made available by the Bureau of Land Management and 
the Forest Service. 
Labor constraints The farm operator and family labor constraints 
are the same on all farms. It is assumed that the farm operator and his 
family can supply up to three hundred ten hours of labor every month 
except June, July and August when they can supply three hundred sixty 
hours. However, an additional constraint is added to insure that not more 
than three thousand six hundred fifty hours of family labor is used in 
the year. 
The farm models are constrained to hiring not more than two hundred 
sixty hours of labor in each month, October through March, and not more 
than five hundred twenty hours of labor in each month, April through 
September. The constraints on labor hiring are constructed so that part 
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time help can be hired. 
Tractor constraints The only machinery constraints were those 
placed on tractor hours. It was assumed that all farms had access to two 
tractors throughout the year or five hundred twenty hours per month. 
Requirements for other machinery were implicitly taken into consideration. 
By observation of some solutions to the representative farm models it was 
apparent that no other machines would be limiting resources. 
Alfalfa accounting rows Some accounting rows were included so 
that a minimum of twenty percent of land classes 1, 2S, and 3S were forced 
into production of alfalfa. These alfalfa accounting rows were included 
to maintain the fertility of the soil. 
Livestock accounting rows One accounting row was included for 
each of the four major livestock classes: dairy, beef (cow-calf), sheep, 
and beef (cow-calf where calves are fattened). By setting the appropriate 
accounting row equal to zero, certain livestock activities can be omitted 
from the solution. There are other means of omitting activities from the 
linear programming model but this method was easiest in this case where 
other resource constraints were also being modified. 
Miscellaneous accounting rows There are five additional accounting 
rows which merit attention. One ensures that time and money for expected 
machine repair are available. Another ensures that money is available for 
family living expenses throughout the year. A third provides that a 
saddle horse is kept on the livestock farms, excluding dairy. The other 
two accounting rows are associated with activities which repair and 
maintain barbed and woven fences. 
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There are other resources used on the representative farms, such as 
buildings and feed, which are initially set to equal zero. The reason 
for this procedure will be apparent when the resources and accounting rows 
are discussed in conjunction with the activities in Chapter 5. 
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CHAPTER FIVE. PRODUCTION ACTIVITIES 
Linear programming models and interpretation of solution were 
presented in Chapter 3 as an introduction to this discussion on the 
activities in the representative farm models. The general classification 
of activities the representative farm models was presented in Table 27. 
The activities are discussed below in the order presented in Table 27. 
Land related activities 
The activities in Lhis category include land development activities, 
land disposal activities, activities to acquire public grazing land, an 
activity to convert range land to grazing and an activity to convert 
irrigated permanent pasture to range land. 
The land development activities transform land classes 1, 2S, 3S from 
their original irrigated state to a condition which has a higher irriga­
tion efficiency. This land development saves water and reduces labor 
requirements for irrigation. 
The land disposal activities are included so that a cost in terms of 
labor and tractor (machine) use are required if "cultivated" land is not 
used to produce crops. 
Public grazing may be acquired in limited amounts from the Bureau of 
Land Management and Forest Service. The costs of this grazing were 
obtained from the Bureau of Reclamation. 
The range land may be used to supply grazing for beef cattle and 
sheep. The range land has a low carrying capacity as one acre of range 
land can supply only 0.2 animal unit month of grazing for the particular 
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classes of livestock. 
An activity is included to convert permanent irrigated pasture land 
to range land. When water is scarce permanent pasture land is the last 
land to receive water. Under these conditions the nonirrigated pasture 
land can be used to supply a limited amount of grazing. 
Capital related activities 
The actual amount of credit extended to farmers in the project area 
was unknown. There was no information about the farmers financial 
position. Thus the capital availability on the representative farms was 
originally set equal to zero. An assumption was made that the farmers 
could establish a line of credit and borrow all the money they wanted at 
a six percent interest. This means that the farmers received six percent 
as a return on the farmer owned portion of the capital used on the farm. 
There are twelve capital purchasing activities included in the model. 
As an illustration: the capital purchasing activity for January supplies 
ens dollar of capital in January and requires 1.005 dollars of capital in 
February. In addition, one unit of the capital purchasing activity 
reduces the objective function by 0.005 dollars. This monthly interest 
rate is equivalent to six percent per year. 
The model also includes twelve capital transfer activities and twelve 
capital lending activities. The capital transfer activities transfer 
capital which is available and unused in one month to the next month. The 
capital lending activities permit the farmer to receive four percent annual 
interest on money not used on the farm. The capital lending activities 
require money for three-month periods. For example, one dollar invested 
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in January would supply 1.01 dollars in April, 
Labor related activities 
There are two sources of labor on the representative farms; 
(a) operator and family labor and (b) hired labor. Activities permit the 
purchase of hired labor on a monthly basis and the use of family and 
operator labor to meet labor requirements of crop, livestock and other 
activities. 
The labor from these two sources is transferred into monthly labor 
accounting rows. The "crop-labor related activities" require labor from 
the rows in particular combinations. This will now be described. 
Crop labor related activities 
The labor requirements for irrigating, generally maintaining and 
harvesting each of the five crops are independently specified as crop 
labor activities. Crops such as rotation and permanent pasture require no 
mechanical harvesting so the labor requirements are included in the live­
stock activities. 
Labor for irrigation The distribution of the labor requirements 
by month for applying irrigation water corresponds to the seasonal distri­
bution of the irrigation water requirements. The distribution of the labor 
requirement therefore varies by crop. One activity supplies labor for 
irrigating each crop with the exception of permanent pasture. The three 
permanent pasture activities have different seasonal water requirements 
and different distributions of labor requirements are needed. 
Labor for crop maintenance Included in this set of activities are 
labor requirements for field preparations before planting, planting. 
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cultivation, fertilizer application, etc. The seasonal distribution of 
these requirements was based upon the primary data collected for Emery 
County. There are two alternative distributions of labor requirements 
for each crop on each soil class. One distribution reflects the effect 
of lower rates of water application, a lower rate of fertilizer application 
and consequently lower yields which mature earlier. 
There are two exceptions to the above discussion. First, the 
activities which supply labor for alfalfa crop maintenance also include 
labor for mowing and raking. Second, the permanent pasture crop 
activities have labor requirements specified directly in the permanent 
pasture activities. 
There are two other activities which affect the seasonal distribution 
of labor requirements for crop maintenance. In the calendar of events for 
the crop activities it was indicated that plowing occurred in April. 
This requirement was built into the crop labor requirements. The Bureau 
suggested that one of the benefits from a more reliable, larger supply of 
water for irrigation would be the possibility of fall plowing. Two 
activities were introduced into the models to permit fall plowing, one 
in October, the other in November. These two activities make October and 
November labor "limited" substitutes for April labor. 
Labor for harvesting Two alternative seasonal distributions of 
labor requirements for harvesting are necessary because harvesting dates 
are affected by the rates of water and fertilizer application. The crop 
yields are a function of the use of water, fertilizer and other variables 
as well as soil and farming practices. 
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The labor required to harvest a crop is a function of the crop yield. 
The activities which supply labor for harvesting are required at 
different levels of crop activities in relation to crop yields. Note 
again that cutting and raking the alfalfa was included in the labor 
requirements for crop maintenance. 
One additional activity relates to labor requirements for harvesting 
corn silage. A custom corn silage hauling activity was included, reducing 
the requirements for September labor. The inclusion of this custom 
activity in the representative farm models was considered justifiable 
since the complete corn silage harvesting operation was a custom 
operation in the Bureau's budgets. 
Water related activities The water related activities are set up 
to minimize the number of activities needed but yet to have the model 
realistically operational. There is one water purchasing activity which 
purchases water measured in acre feet at farm laterals. The price on 
this water purchasing activity is parameterized to facilitate derivation 
of farm normative demand curves water. It will not be discussed further 
at this point. 
The seasonal distribution of water requirements by crops was obtained 
from the Bureau. This seasonal distribution for each crop, with the 
exception of permanent pasture, is the same on all land classes for all 
levels of water application. Consequently, one water activity can be 
used for each crop. Crop activities, which require different levels of 
water use, require different levels of the water activity. 
The water loss between the point of water entry on the farm and use 
by plants varies by soil type but does not vary by type of crop. A set 
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of water activities is included in the representative farms to incorporate 
this water loss into the analysis. 
Crop selling and purchasing activities 
The only crop in the representative farm models that can be purchased 
or sold is barley. Sale and purchase of barley is possible because a 
grain market exists outside the project area. Crops such as alfalfa and 
com silage are not readily transported to a market outside the project 
area even if a market did exist. Furthermore, the models used in this 
study do not facilitate optimum production and interfarm sales of nongrain 
feedstuffs within the project area. Consequently, activities to permit 
sale and purchase of crops other than barley are not included in the 
models. 
Crop transfer activities 
Alfalfa hay, barley, com silage and animal unit month of grazing 
are the crops produced on the representative farms. Alfalfa hay and com 
silage may be used to meet winter roughage requirements or to substitute 
for summer grazing for all classes of livestock which have grazing 
requirements. Alfalfa hay and corn silage are perfect substitutes at 
a specific rate of substitution. 
Livestock activities 
The four types of livestock considered in this analysis are two types 
of beef operations, one dairy and one sheep. The livestock activities are 
based upon data used by the Bureau in their budgets of the Emery County 
Project. 
119 
Capital requirements are distributed evenly throughout the year in 
the dairy activity since these requirements may occur anytime during the 
year. For the sheep and two beef activities the capital requirements are 
distributed based on the calendar of events specified for these enter­
prises. The revenue from the livestock activities and the labor require­
ments for the activities are distributed in the same pattern as the 
capital requirements, for the same reasons. 
The rations used for the livestock can be criticized because they do 
not permit the use of grain and roughages as substitutes. The ratios do 
however permit alfalfa hay and corn silage substitution at a fixed rate. 
Labor, tractor and capital requirements for livestock waste disposal 
are included in the livestock activities. 
The building requirements for livestock presented a problem in this 
analysis and they are discussed below under building activities. 
Building activities 
The Bureau information on pre-project inventories of farms in the 
project area is very limited. There are no statements about building 
inventories to house livestock or crops. Rather than guess about pre-
project building inventories the author assumed that no buildings 
existed. Thus, in the representative farm models, the building activities 
which supply building space to house livestock and crops are constructed 
to include depreciation, maintenance and all other costs. By taking this 
long-run viewpoint about buildings, the number of buildings brought into 
the optimal solutions for the representative farms is less than it would 
have been if only conventionally variable costs had been included. 
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One of the limitations of linear programming is that increasing 
returns to scale for buildings and machinery, etc., cannot be readily 
incorporated in the model. Integer programming models are needed for 
this purpose. For the representative farm models the problem of returns 
to scale in buildings was assumed away. Per unit costs of building space 
for dairy cattle, for example, was the same whether fifteen, fifty or 
any other number of cows were kept on the farm. 
Activities to repair and maintain barbed and woven fences were 
included in the representative farm models. 
Building transfer activities 
Because there were no building inventories of pre-project farms, no 
specific buildings were altered from a pre-project use to another use 
under project conditions. However, it should be pointed out that this 
type of building alteration may be an important source of building in 
representative farm models. 
Miscellaneous activities 
There are four miscellaneous activities which are included. One 
activity includes capital requirements to meet fixed costs which are 
incurred. Another activity includes capital requirements of two hundred 
fifty dollars monthly for the farm operator and his family to meet 
household expenses. A third activity includes labor requirements through­
out the year to make machinery repairs. The fourth activity includes 
labor, capital and feed requirements for one saddle horse on each live­
stock farm excluding dairy. 
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Crop producing activities 
The crop production activities, with the exception of permanent 
pasture are based upon the production functions given in Table 10. A 
number of yields for each crop were chosen according to the set of rules 
given in Chapter 2, page 42. The yields selected for the crop production 
activities are given in Tables 11 through 14. In addition to providing 
alfalfa hay and barley respectively, the crop activities each provide 0.4 
animal unit months of post-harvest grazing per acre. 
Each unit of a crop production activity requires one acre of land, 
several hours of labor, several hours of tractor (machine) use, and 
capital through the crop season. The variable costs associated with crop 
activities include expenses for items such as seed, fertilizer, herbicides, 
insecticides and gas and oil for tractors. The cost for these occur at 
known times in the calendar of events for crop production. The timing of 
other variable costs such as repair and maintenance of machinery are 
unpredictable. However, it is assumed that these expenses occur evenly 
throughout the crop season. 
There are three permanent pasture activities included in the 
representative farm models. According to the Bureau study, 13.15 acre 
inches of irrigation water available to plants for consumptive use would 
result in a yield of two animal unit months of grazing per acre on the 
permanent pasture. This information was incorporated into one of the 
permanent pasture activities. The other two permanent pasture activities 
make less efficient use of water and consequently did not enter into the 
optimal solution for any representative farms. These two permanent 
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pasture activities were useful in the model when historical water flow 
data was used to derive water availability for the representative farms. 
However in this current analysis, when parametric price programming is 
used to derive normative demand curves for water, these two permanent 
pasture activities should have been omitted. 
The representative farm models discussed in Chapters 4 and 5 were 
used to derive normative demand curves for water. Chapter 7. One model 
was used in Chapter 6 to illustrate the impact of optimal firm resource 
allocation on farm income. The discussion will now proceed to that part 
of the study. 
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CHAPTER SIX, OPTIMAL FIRM RESOURCE ALLOCATION 
Introduction 
The purpose of this chapter is twofold: (1) to illustrate the impact 
of optimal resource allocation on farm income and (2) to indirectly show 
that linear programming models may be used to perform the computations 
for complete farm budgets. Farm budgeting has previously been the method 
used by the Bureau to estimate benefits from irrigation. The procedure 
here will be to discuss two programs for the medium sized sheep farm in 
the Cottonwood Watershed, representative farm number five. Table 37. The 
objective for each of the two programs is profit maximization. Program 
one corresponds to using linear programming as a tool for complete farm 
budgeting. Solution Two shows the optimal allocation of resources and 
resulting farm income. The difference in the value of the objective 
function between the two solutions results from constraints on activities 
in program one. The objective functions, resource constraints and 
alternative activities of the two programs and the solutions to the two 
programs are discussed below. 
Objective function 
The objective function in each of the two programs was profit 
maximization subject to certain constraints. In Solution One the objective 
function was only 4,214 dollars while in Solution Two the objective 
function is 7,815 dollars. Table 36. The difference in the value of the 
two objective functions results from restrictions on alternative courses 
of action available to the farmer. These activities will be discussed 
Table 36. Specifications of two linear programming models and their optimal solutions 
Resource, product Unit of Constraint on resource Production or resource i use 
or objective account or product (maximum Solution one Solution two 
function unless indicated 
otherwise) Level Value Level Value 
Obiective function dollar 4214 7815 
Land and pasture 
Land class 1 acre 7.6125 7.6125 63.437 7.6125 56.803 
Land class 2S acre 30.1269 11,4126 0,000 30,1269 36.411 
Land class 3S acre 54.6007 13.1041 0.000 54.6007 31,355 
Land class 6W acre 94.4754 94.4754 236.510 94,4754 1.338 
Private range land acre 324.6480 324.6480 0.040 324,6480 1.338 
Bureau of land 
management a.u.m. 351.5000 227.7354 0.000 351,5000 6.488 
Forest Service a.u.m. 70.6000 0.000 0.000 70.6000 6.098 
Family labor 
January day 310 154 0.000 183 0.000 
February day 310 149 0.000 177 0.000 
March day 310 132 0.000 203 0.000 
April day 310 216 0.000 310 1.045 
May day 310 212 0.000 239 0.000 
June day 360 242 0.000 327 0.000 
July day 360 177 0,000 323 0.000 
August day 360 268 0.000 339 0.000 
September day 310 179 0.000 210 0.000 
October day 310 142 0.000 254 0.000 
November day 310 142 0.000 167 0.000 
December day 310 98 0.000 116 0.000 
Total day 3650 2112 0,000 2848 0.000 
Table 36. Continued 
Resource, product Unit of 
or objective account 
function 
Objective function dollar 
Constraint on resource 
or product (maximum 
unless indicated 
otherwise) 
Hired labor 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
day 
day 
day 
day 
day 
day 
day 
day 
day 
day 
day 
day 
260 
260 
260 
520 
520 
520 
520 
220 
520 
260 
2.60 
260 
Capital 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
dollar 
dollar 
dollar 
dollar 
dollar 
dollar 
dollar 
dollar 
dollar 
dollar 
dollar 
dollar 
Production or resource use 
Solution one Solution two 
Level Value Level Value 
4214 7815 
0 0.000 0 0.000 
0 0.000 0 0.000 
0 0.000 0 0.000 
0 0.000 5 0.000 
0 0.000 0 0.000 
0 0.000 0 0.000 
0 0.000 0 0.000 
0 0.000 0 0.000 
0 0.000 0 0.000 
0 0.000 0 0.000 
0 0.000 0 0.000 
0 0.000 0 0.000 
7,522 0.060 10,513 0.060 
7,772 0.055 10,763 0.055 
6,751 0.050 9,476 0.050 
7,178 0.045 10,470 0.045 
7,451 0.040 10,743 0.040 
7,738 0.035 11,043 0.035 
8,025 0.030 11,340 0.030 
8,316 0.025 11,796 0.025 
3,968 0.020 6,458 0.020 
4.243 0.015 2,849 0.015 
4,505 0.010 3,110 0.010 
5.244 0.005 3,990 0.005 
Table 36. Continued 
Resource, product Unit of 
or objective account 
function 
Objective function dollar 
Constraint on resource 
or product (maximum 
unless indicated 
otherwise) 
Tractor 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
day 
day 
day 
day 
day 
day 
day 
day 
day 
day 
day 
day 
520 
520 
520 
520 
52.0 
520 
520 
520 
520 
520 
520 
520 
Water 
April 
May 
June 
July 
August 
September 
October 
Total 
acre inches 
delivered to 
farm 
3276 
Production or resource use 
Solution one Solution two 
Level Value Level Value 
4214 7815 
22 0.000 27 0.000 
21 0.000 26 0.000 
32 0.000 83 0.000 
100 0.000 193 0.000 
32 0.000 38 0.00(1 
51 0.000 52 0.00(1 
3 0.000 46 0.000 
81 0.000 86 0.00(1 
34 0.000 71 0.00(1 
9 0.000 111 0.000 
11 0.000 13 0.000 
12 0.000 14 0.000 
126 8.993 
485 8.993 
681 8.993 
731 8.993 
632 8.993 
483 8.993 
137 8.993 
3,276 8.993 
63 0.421 
420 0.421 
880 0.421 
944 0.421 
641 0.421 
260 0.421 
68 0.421 
3,276 0.421 
Table 36, Continued 
Resource, product Unit of Constraint on resource Production or resource use 
or objective account or product (maximum Solution one Solution two 
function unless indicated 
otherwise) Level Value Level Value 
Objective function dollar 4214 7815 
Livestock 
Dairy 0 0 202.457 0 293.139 
Sheep 243 0.0 294 0.000 
Beef 0 0 -43.632 0 -27.193 
Beef 0 0 -35.786 0 -5.792 
Crops 
Barley sales bu. 0 -0.120 3,197 1.038 
Barley purchases bu. 230 -1.158 0 -0.120 
A115.05D acre 1.5225 1.5225 -189.195 
A2S15.0D acre 6.0254 6.0254 -153.913 
A3S15.0D acre 10.9201 10.9201 -176.654 
B17.93D acre 0.3045 0.000 
B2S7.93D acre 1.2051 0.000 
B3S7.93D acre 2.1840 0.000 
C110.14D acre 5.7844 0.000 
C2S10.1D acre 4.1822 0.80 
C3S10.1D acre 0.000 0.000 
RP113,1D acre 0.000 -64.401 
RP2S13.D acre 0.000 -1.264 
RP3S13.D acre 0,000 -2.372 
PP6W13.1 acre 94.4750 94.4750 -236.510 
Table 36. Continued 
Resource, product Unit of Constraint on resource Production or resource use 
or objective account or product (maximum Solution one Solution two 
function unies;; indicated 
otherwise) Level Value Level Value 
Objective function dollar 4214 7815 
A123D acre 1.5225 1.5225 20.596 
A2S23D acre 6.0254 6.0254 -5.676 
A3S21D acre 10.9201 10.9201 -7.747 
B112D acre 0.3045 0.000 
D2S12D acre 21.9077 0.000 
B3S12D acre 43.6806 0.000 
C116.71D acre 5.7855 0.000 
C2S16D acre 2.1938 0.000 
PP6W13.1 acre 28.621 0.000 
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following a brief discussion of the resource restrictions. 
Resource restrictions 
The constraints on resources are specified in Table 36 and are 
identical for the two programs. 
Land and pasture resources In Solution Two all land and pasture 
resources are used and have positive marginal value products. However, in 
Solution One there is idle land class 2, land class 3, Bureau of Land 
Management grazing and Forest Service grazing. Consequently, the 
marginal value product on these resources is zero. All of land class one 
is used in the optimal solution and an additional unit of land class one 
would increase the value of the objective function by 63.44 dollars. 
However, while all land class 6W is used the marginal value product of an 
additional acre is minus 236.51 dollars. Alternatively if the farmer 
could use one less acre of class 6W land he would increase the objective 
function by 236.51 dollars. All land class 6W is used in the optimal 
solution even though it has a negative marginal value product because the 
program was specified to include the maximum number of units of an 
activity. Permanent Pasture, which requires land class 6W. 
Labor resources The family labor resource constraints and constraints 
on hired labor were discussed in Chapter 4. Family labor became a limiting 
resource in program two consequently five hours labor were hired in April. 
An additional hour of family labor in April would be worth 1.045 dollars. 
This value is determined at this level because 1.00 dollars an hour is the 
hired labor wage and 0.045 is the opportunity cost of the capital required 
to pay the wage. In months other than April the marginal value product of 
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family labor is zero. The marginal value product of hired labor is zero 
because there are slack units in all months. 
Capital The capital accounting rows have identical marginal value 
products in all months in each of the two solutions. However, in comparing 
solution one and two it is interesting to note that while Solution Two has 
a higher level of borrowed capital in January it has a lower level of 
borrowed capital in December. This reflects the fact that the income in 
Solution Two is considerably greater than in Solution One. No upper bounds 
were placed on the amount of capital which could be borrowed in either 
program one or two. 
Tractor While there are upper limits on the use of tractors these 
constraints were not effective in either program and the marginal value 
product of additional tractor hours is zero. 
Water resources While upper limits are not specifically placed on 
water availability in individual months the constraint on the aggregate 
water availability indirectly places constraints on water availability in 
each month. It was assumed that the total quantity of water available to 
the farm was 3276 acre inches. This is 62 percent of the consunçtive use 
requirement for this representative farm. While the total quantity of 
water was the same for program one and program two the distribution of 
the water within the year was different between the two programs. This 
distribution of water use over time is determined by the water require­
ments of crops in the optimal solution for each program. 
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Alternative activities 
Livestock activities The programs were constrained so that only 
sheep could be raised on the farm. More sheep were raised on the farm 
under program two than under program one. The marginal value product of 
sheep is zero in each of the two solutions. 
While the marginal value product of dairy and beef activities are not 
the same in both solutions they show that an increase in dairy will 
increase the objective function and an increase in beef activities will 
increase the objective function. 
Crop related activities In the first solution there is some 
barley purchased while in Solution Two there is some barley sold. Sales 
and purchases of alfalfa and corn silage were not permitted in either of 
the two programs. 
As discussed in Chapter 4 there are minimum constraints on number of 
acres of alfalfa which must be grown. Consequently twenty percent of each 
of land class 1, 2S and 3S is in alfalfa production in each of the two 
solutions. 
In model one all the 6W land was forced into production of permanent 
pasture. Thus in Solution One there are 94.4750 units of permanent pasture 
PP6W13.1. Also in model one crop activities could enter the optimal 
solution only at levels that correspond to 62 percent consunq>tive use of 
water. In model two the program could select among all crop activities. 
Solutions One and Two in Table 36 have negative values associated 
with the alfalfa crop activities. This means that reductions in the 
minimum requirements of alfalfa would Increase the objective function. 
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The negative price of 236.51 dollars on the permanent pasture activity shows 
that a one unit reduction in this activity would increase the value of the 
objective function by 236.51 dollars. The negative prices on rotation 
pasture activities in Solution One also show the amount that the objective 
function would be increased by a one unit decrease in the particular 
activities. 
In Solution Two the objective function cannot be increased by 
altering the number of acres of permanent pasture or any other crop, with 
the exception of alfalfa. 
Summary 
Linear programming was used to budget the sheep farm when limitations 
were placed on the number of acres of permanent pasture and only specific 
crop activities were permitted into the optimal solution. The farm budget 
could have been specified in greater detail, for example a specific number 
of units of each crop or livestock activity. However as the number of 
equality restrictions increases the chances of an infeasible solution also 
increase. For example the quantity of water required by crop activities 
may be greater than the water resources available in the program. 
Given the resource restrictions of the two farm programs there are an 
infinite number of farm budgets that could be calculated. Only by chance 
would the researcher budget the solution which corresponds to the optimal 
linear programming solution. This emphasized the fact that, while linear 
programming may be useful to do the calculations required for complete farm 
budgeting, the greatest merit of linear programming is that it chooses the 
best of all possible budgets. 
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CHAPTER SEVEN. NORMATIVE DEMAND CURVES FOR WATER 
Introduction 
This study consists of two-stages of programming. The first stage is 
the use of parametric linear programming to derive normative demand curves 
which are used to supply input data for the second stage which consists of 
a recursive linear programming model to allocate water on a regional basis. 
Normative demand curves are derived and discussed in this chapter. The 
normative demand functions for water are derived using parametric price 
programming and will be used to derive aggregate demand functions for 
water for the Cottonwood Area and the Huntington Area. These aggregate 
demand functions will be used to represent agricultural demand for water in 
the regional water allocation model in Chapter 10. The solutions to the 
regional water allocation model will show how water would be used if it 
allocated economically efficiently. Chapter 11, Given the optimal 
allocation of water from Chapter 11 additional data from the farm firm 
solutions will be used in Chapter 12 to determine the benefit-cost 
analysis of the project. Still other information from the farm solutions 
is required in Chapter 13 to determine project repayment analysis. 
This chapter contains four distinct segments. First, the theory 
relating to normative demand curve analysis will be discussed. Second 
the normative demand curves for water for the representative farms will 
be presented. Third, the stability of the farm firms in terms of numbers 
of livestock and cropping pattern. Finally, a comparison is made between 
the optimal allocation of water and an alternative rule for allocating 
water. 
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Variable price programming 
Variable price programming has been used extensively to derive 
normative supply curves for products and to a lesser degree to derive 
normative demand curves for resources. Variable price programming has been 
discussed extensively by Heady and Candler (29, Chapter 8). Variable price 
programming has been conventionally used by several authors and some 
modifications have been made by others. For example, Cesal (8) used 
variable price linear programming to estimate optimal solutions for a 
representative farm when three price levels for five resources were varied. 
The results of this variable price programming were used for regression 
analysis to estimate demand functions for resources. In this study 
conventional variable price programming is used to derive normative 
demand curves for water for twenty-four representative farms. 
Definition of a normative demand curve A normative demand curve 
for water defines the quantity of water which a firm should purchase at 
any given price of water, ceteris paribus, to maximize the firm's profit. 
While there are occasions where it would be useful to vary the price of 
more than one resource simultaneously, we are here interested only in the 
relationship between the price and quantity of water, ceteris paribus. 
Ceteris paribus, which means other things being equal, has a very 
interesting meaning in the context of the linear programming models which 
have been set up for the farm firm. As will be recalled in the discussion 
on the theory of the firm in Chapter 2, there were two types of factor 
demand curves constructed. One was called a static factor demand curve 
and the other was called an equilibrium factor demand curve. The static 
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factor demand curve for irrigation water assumed that only the price of 
water changed and the price and quantity of fertilizer remained constant. 
The equilibrium factor demand curve for water was derived under the 
assumption that while the price of fertilizer is constant the quantity of 
fertilizer may vary. The normative demand curve derived for farms using 
linear programming is derived assuming that all other factor and all 
product prices remain constant; however some other inputs may be purchased 
at a given price. Thus the ceteris paribus in case of the normative water 
demand curves means (a) all other prices of factors and products remain 
constant and (b) the activities permitting purchases of inputs and sale of 
product remain invariant, that is they remain as initially constructed in 
the linear programming model. The assumption that other things remain 
constant will be discussed in greater detail when the derived normative 
demand curves for water are presented later. 
The modelA  m o d i f i c a t i o n  i n  t h e  l i n e a r  p r o g r a m m i n g  m o d e l  
presented in Chapter 3 yields the parametric price programming model: 
Max (c + d)X subject to 
AX < B, 
X > 0, 
and c and d are vectors of identical dimensions. 
The vector c is a price vector and d is a vector which enables changes 
in c. The initial solution will have some set of prices in the price 
vector c and d will be equal to zero. In subsequent solutions the value 
^^A discussion of parametric linear programming is given in (52, 
pp. 149-154). 
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of d is nonzero and consequently the value of the vector (c+d) changes. 
In the present analysis the price of an acre-inch of water in the water 
purchasing activity FWFAKM is initially set equal to 1.00 dollars, i.e. 
the vector c consists of (c^, c^, ... c^, +1.00, c^^^, ... c^^^) where 
there are 497 activities in the model. The vector d consists of 
(0, ... 0, -1.00, 0, ..., 0) and is of dimension 1 X 497. The value 1.00 
in c is for c^^^ and represents a one unit decrease in the price of water. 
The solutions corresponding to water prices of 1.00 and 0.00 plus all 
intervening solutions corresponding to basis changes are obtained. Each 
time the basis changes a different set of activities is in the optimal 
solution, the price level of water is different, and the quantity of water 
demanded at that price is different. Thus price-quantity relationships for 
water price and quantity of water are obtained. This derived demand curve 
for water consists of a number of discontinuous segments and cannot be 
expressed by a simple continuous function. Consequently, the water demand 
functions for the representative farms are presented below in tabular form 
and also in graphic form for reasons which will be obvious later. First, 
however, it is useful to note the variable price programming is only one 
of three forms of parametric programming. 
The linear programming model given above has three basic components, 
the objective function, the resource constraints and the activities. 
Programs which change the prices in the objective function have been 
expressed above as variable price programming. Programs which vary, one or 
more of the resource constraints are called variable resource programming. 
Finally, programs which vary one or more coefficients in one or more of 
the activities are called parametric programming. 
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Variable resource programming could have been used in this analysis 
to determine water demand functions. There is at least one definite 
advantage which could have been gained by using variable resource rather 
than variable price programming in this study. This advantage will be 
discussed later when the problem resulting from variable price programming 
becomes obvious in Chapter 11. 
Normative demand curves for water 
The twenty-four representative farms delineated in Chapter 4 are 
listed in Table 37. The results of the linear programming for these 
representative firms are presented in this part of this chapter. 
Parametric price programming was used to derive a normative demand curve 
for water for each farm. These normative demand functions are presented 
in tabular and graphic form to indicate the effect that size and type of 
farm has upon the derived demand curve for water in each of the Cottonwood 
and Huntington Areas. The normative demand curves for representative firms 
in the Cottonwood and Huntington Watersheds are not directly comparable 
because of differences in resource constraints between the two areas. 
The normative demand function for water generated for the representa­
tive farms are given in Tables 101 through 124. Appendix A. These tables 
include data in addition to the price-quantity relationship of the 
derived demand functions. The data on the value of the objective function 
and the operator labor hours are required to determine payment capacity as 
formulated by the Bureau of Reclamation. This discussion on payment 
capacity occurs in Chapter 13. 
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Table 37. Identification of representative farms by number, watershed, 
type of livestock and size 
Number Watershed^ 
Type of ^ 
livestock Size^ 
1 C D S 
2 C D M 
3 C D L 
4 C S S 
5 C S M 
6 C S L 
7 C BF S 
8 C BF M 
9 C BF L 
10 C B S 
11 C B M 
12 C B L 
13 H D S 
14 H D M 
15 H D L 
16 H S S 
17 H S M 
18 H S L 
19 H B S 
20 H B M 
21 H B L 
22 H BF S 
23 H BF M 
24 H BF L 
^"C" represents Cottonwood; "H" represents Huntington. 
^"D" represents dairy, "S" represents sheep, "BF" represents beef 
where calves are fed on the farm, "B" represents beef where calves are 
sold in fall. 
represents small, "M" represents medium, "L" represents large. 
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The data on the normative demand functions is used in the regional 
water allocation model to determine the yearly optimal allocation of water 
and operation of the project facilities. The solution of the regional 
water allocation model. Chapter 11, is in turn used to determine benefit 
cost analysis. Chapter 12, and repayment analysis. Chapter 13. 
The following discussion on the normative demand curves is given to 
show difference in demand functions by type and size of farm. The demand 
functions are plotted in Figures 14-21, Appendix B, and will be referred to 
in the discussion. 
The data on the quantity of water under the rule allocation will be 
discussed in detail later. 
The normative water demand functions for representative farms were 
derived for prices from one to zero dollars per acre-inch of water 
delivered to the farm canals. The results were then translated into 
dollars per acre foot. For each point on the demand curve for a given 
representative farm, there is a set of activities which the farmer should 
produce. 
A change in the price of water from twelve dollars an acre foot to 
10.81 an acre foot on farm number 6 results in the quantity of water 
demanded to change from 282.97 to 283.77 acre feet. The optimal 
combinations of activities which should be produced on the farm also 
changes. 
Production on representative farms 
While it would be very interesting to evaluate the production on all 
farms for all prices on the farm's demand curve, this approach would be 
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too time and space consuming here. Consequently, the farm production for 
the twenty-four representative farms for the extreme prices on the demand 
curve are reported in Table 38. The major changes in production will be 
discussed. 
As the price of water drops from twelve dollars an acre foot to zero 
dollars an acre foot the quantity of water purchased increases on all 
farms. However, the demand curve is shaped quite differently for different 
farms. Appendix B. The shape of the demand function is determined by the 
activities, resource constraints and objective function in the linear 
programming model. The profitability of water using activities, crops, 
determine which crops enter the solution. The level of water use, 
quantity of water demanded, is thus a function of the crop produced. 
However, the price of water influences the profitability of the crop 
activities. Consequently, all these relationships are determined 
simultaneously in the linear programming model. 
As the price of water decreases and the corresponding quantity of 
water increases the number of units of various crop activities in the 
optimal solution may change. These changes in the crop activities may 
result from a combination of one or more of: (a) more intensive use of 
water in producing a particular crop on a particular soil, for example 
alfalfa on land class 2S; (b) changes on the cropping pattern; and 
(c) changes in the quantity of land being irrigated. 
Changes in intensity of water use For example, in the optimal 
solution for two price levels of water, say 10.00 and 9.78 dollars per 
acre foot of irrigation water delivered to the farm canals, the alfalfa 
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Table 38. Production and resource use on representative farms for water 
price levels of 12.00 and 0.00 dollars an acre foot 
Fam number 
Price of water del. 
at farm canal 
(dollars) 12.00 0.00 12.00 0.00 12.00 0.00 
Livestock (units) 
1. Dairy 36 37 59 59 59 57 
2. Sheep 36.31 36.71 58.83 59.49 58.69 56.86 
3. Beef 
4. Beeff 
Crops (acres) 
Type Soil class 
Alfalfa 1 0.9 0.9 1.5 1.5 2.3 2.3 
2S 3.7 3.7 6.0 6.0 9.3 9.3 
3S 6.7 6.7 10.9 10.9 16.8 16.8 
Barley 1 0.2 0.2 0.3 0.3 0.5 0.5 
2S 0.7 0.7 1.2 1.2 6.9 14.2 
3S 4.7 4.7 7.6 7.6 8.4 67.4 
Corn silage 1 3.6 3.6 5.7 5.8 8.9 8.9 
2S 14.1 14.1 22.9 22.9 0.0 14.1 
3S 2.1 2.0 3.4 3.1 28.5 0.0 
Rotation 1 0.0 0.0 0.0 0.0 0.0 0.0 
pasture 2S 0.0 0.0 0.0 0.0 30.3 8.8 
3S 20.1 20.3 32.6 32.8 30.4 0.0 
Permanent 6W 58.3 58.3 94.4 94.4 0.0 154.8 
pasture 
Crops sold 
Barley (bu.) 0 0 0 0 0 0 
Purchased inputs 
Capital ($) 265,101 267,886 432,329 436,997 429,970 419,844 
Labor (days) 812 886 3,489 3,608 3,375 4,194 
Barley (bu.) 1,358 1,359 2,200 2,192 1,914 1,952 
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Table 38. Continued 
Farm number 
Price of water del. 
at farm canal 
(dollars) 
Livestock (units) 
1. Dairy 
2. Sheep 
3. Beef 
4. Beeff 
12.00 0.00 
167.57 216.69 
168 217 
12.00 0.00 12.00 0.00 
271.60 352.97 419.20 546.45 
272 353 419 546 
Crops (acres) 
Type Soil class 
Alfalfa 1 0. ,9 0. ,9 1. ,5 1. 5 2. 3 2. ,3 
2S 3. ,7 3, .7 6. 0 6. 0 9. ,3 9. ,3 
3S 6. ,7 6. .7 10. ,9 10. ,9 16. ,8 16. 8 
Barley 1 0. ,2 0. ,2 0. 3 0. 3 0. 5 0. 5 
2S 11. 8 10. 9 19. 9 17. ,8 31. ,0 27. ,5 
3S 27. 0 27. 0 43. 7 43. 7 67. 4 67. 4 
Com silage 1 3. ,6 3. ,6 5. 8 5. 8 8. 9 8. 9 
2S 2. 0 3. ,9 3. 0 6. 3 4. 9 9. 7 
3S 0. ,0 0. ,0 0. 0 0. 0 0. ,0 0. 0 
Rotation 1 0. 0 0. ,0 0. 0 0. ,0 0. ,0 0. 0 
pasture 2S 1. 1 0. ,0 1. 2 0. 0 1. ,3 0. 0 
3S 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 
Permanent 6W 0. 0 58. ,3 0. 0 94. 5 0. 0 145. 8 
pasture 
Crops sold 
Barley (bu.) 
Purchased inputs 
Capital ($) 
Labor (days) 
Barley (bu.) 
1,766 1,795 
67,673 78,779 
0 0 
0 0 
3,001 2,899 
96,794 116,301 
0 240 
0 0 
4,691 4,474 
140,417 175,975 
340 1,716 
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Table 38. Continued 
Farm number 
Price of water del. 
at farm canal 
(dollars) 12.00 0.00 12.00 0.00 12.00 0.00 
Livestock (units) 
1. Dairy 
2. Sheep 
3. Beef 24 33 39 54 60 83 
4. Beeff 23.90 32.94 38.75 53.72 59.84 83.21 
Crops (acres) 
Type Soil class 
Alfalfa 1 0.9 0.9 1.5 1.5 2.3 2.3 
2S 3.7 3.7 6.0 6.0 9.3 9.3 
3S 6.7 6.7 10.9 10.9 16.8 16.8 
Barley 1 0.2 0.2 0.3 0.3 0.5 0.5 
2S 12.0 10.4 20.3 16.8 32.8 25.9 
3S 27.0 27.0 43.7 43.7 67.4 67.4 
Com silage 1 3.6 3.6 5.8 5.8 8.9 8.9 
2S 1.7 4.5 2.6 7.3 3.1 11.3 
3S 0.0 0.0 0.0 0.0 0.0 0.0 
Rotation 1 0.0 0.0 0.0 0.0 0.0 0.0 
pasture 2S 1.1 0.0 1.2 0.0 1.3 0.0 
3S 0.0 0.0 0.0 0.0 0.0 0.0 
Permanent 6W 0.0 58.3 0.0 94.5 0.0 145.8 
pasture 
Crops sold 
Barley (bu.) 2,048 2,103 3,363 3,409 5,462 5,246 
Purchased inputs 
Capital ($) 110,255 140,327 165,436 215,095 244,663 325,400 
Labor (days) 0 0 0 0 20 677 
Barley (bu.) 0 0 0 0 0 0 
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Table 38. Continued 
Farm number 10 11 12 
Price of water del. 
at farm canal 
(dollars) 12.00 0.00 12.00 0.00 12.00 0.0( 
Livestock (units) 
1. Dairy 
2. Sheep 
3. Beef 23.84 32.85 38.65 53.58 59.67 82.9! 
4. Beeff 24 33 39 54 60 83 
Crops (acres) 
Type Soil class 
Alfalfa 1 0.9 0.9 1.5 1.5 2.3 2.3 
2S 3.7 3.7 6.0 6.0 9.3 9.3 
3S 6.7 6.7 10.9 10.9 16.8 16.8 
Barley 1 0.2 0.2 0.3 0.3 0.7 0.5 
2S 10.4 8.0 17.6 13.0 28.3 20.0 
3S 27.0 27.0 43.7 43.7 67.4 67.4 
Corn silage 1 3.6 3.6 5.8 5.8 9.0 5.0 
2S 3.4 6.9 5.3 11.0 7.6 17.1 
3S 0.0 0.0 0.0 0.0 0.0 0.0 
Rotation 1 0.0 0.0 0.0 0.0 0.0 0.0 
pasture 23 1.1 0.0 1.2 0.0 1.3 0.0 
3S 0.0 0.0 0.0 0.0 0.0 0.0 
Permanent 6W 0.0 58.3 0.0 94.5 0.0 145.8 
pasture 
Crops sold 
Barley (bu.) 
Purchased inputs 
Capital ($) 
Labor (days) 
Barley (bu.) 
1,476 1,303 
117,480 150,284 
0 0 
0 0 
2,435 2,104 
177,176 231,363 
0 0 
0 0 
4,003 3,224 
262,722 351,460 
17 864 
0 0 
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Table 38. Continued 
Farm number 13 14 15 
Price of water del. 
at farm canal 
(dollars) 12.00 0.00 12.00 0.00 12.00 0.00 
Livestock (units) 35.03 35.34 56.76 57.25 59.69 57.26 
1. Dairy 35 35 57 57 60 57 
2. Sheep 0 0 0 0 0 0 
3. Beef 0 0 0 0 0 0 
4. Beeff 0 0 0 0 0 0 
Crops (acres) 
Type Soil class 
Alfalfa 1 2. ,3 2 .  ,3 3. ,8 3. 8 5. ,9 5. ,9 
2S 5. ,3 5. 3 8. 6 8. 6 13. ,2 13. 2 
3S 3. 7 3. 7 6. 1 6. 1 9. ,4 9. ,4 
Barley 1 0. 5 0. 5 0, .8 0. 8 2. 8 1. ,3 
2S 2. 9 2.. ,9 4. 7 4. 7 9. ,8 30. 1 
3S 2, .8 2. 8 4. ,5 4, 5 1. ,9 37. 5 
Com silage 1 8. 9 8. 9 14. 4 14. 4 11. 1 21. 1 
2S 7. 3 7. 2 11. 8 11. 7 0. ,0 0. 0 
3S 0. 0 0, .0 0. 0 0. 0 25. 8 0. 0 
Rotation 1 0. 0 0. 0 0. 0 0. 0 9. 6 1. 0 
pasture 2S 11. ,0 11. ,1 17. 8 17 • 9 43. 2 22. ,8 
3S 12. 2 12, .2 19. 8 19. 8 0. 0 0. 0 
Permanent 6¥ 37. 6 37. 6 60. 9 60. 9 0. 0 93. 9 
pasture 
Crops sold 
Barley (bu.) 1,260 0 0 0 0 1,353 
Purchased inputs 
Capital ($) 254,557 256,545 414,719 418,053 436,116 413,493 
Labor (days) 569 624 3,094 3,182 3,329 3,883 
Barley (bu.) 0 1,249 2,041 2,024 1,986 0 
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Table 38. Continued 
Farm number 16 17 18 
Price of water del. 
at farm canal 
(dollars) 12.00 0.00 12.00 0.00 12.00 0.00 
Livestock (units) 
1. Dairy 
2. Sheep 166 207 268 356 414 495 
3. Beef 165.59 207.36 268.35 355.64 414.43 495.41 
4. Beeff 
Crops (acres) 
Type Soil class 
Alfalfa 1 2.3 2.3 3.8 3.8 5.9 5.9 
2S 5.3 5.3 8.6 8.6 13.2 13.2 
3S 3.7 3.7 6.1 6.1 9.4 9.4 
Barley 1 3.2 0.9 5.9 1.3 10.6 10.9 
2S 21.2 21.2 34;4 27.8 53.0 53.0 
3S 15.0 15.0 24.3 24.3 37.5 37.5 
Com silage 1 5.3 5.7 8.4 10.3 11.8 12.5 
2S 0.0 0.0 0.0 0.0 0.0 0.0 
3S 0.0 0.0 0.0 0.0 0.0 0.0 
Rotation 1 0.9 2.7 1.0 3.6 1.1 0.0 
pasture 2S 0.0 0,0 0.0 6.5 0.0 0.0 
3S 0.0 0.0 0.0 0.0 0.0 0.0 
Permanent 6W 0.0 37.6 0.0 60.9 0.0 93.9 
pasture 
Crops sold 
Barley (bu.) 1,879 1,817 3,167 2,500 5,030 5,127 
Purchased inputs 
Capital ($) 
Labor (days) 
Barley (bu.) 0 0 0 0 0 0 
67,595 76,391 96,690 113,777 140,100 163,013 
0 0.0 64 312 1,194 
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Table 38. Continued 
Farm number 19 20 21 
Price of water del. 
at farm canal 
(dollars) 12.00 0.00 12.00 0.00 12.00 0.0( 
Livestock (units) 
1. Dairy 0 0 0 0 0 0 
2. Sheep 0 0 0 0 0 0 
3. Beef 24 29 38 48 59 74 
4. Beeff 23.54 29.28 38.15 47.64 58.94 73.8: 
Crops (acres) 
Type Soil . class 
Alfalfa 1 2.3 2.3 3.8 3.8 5.9 5.9 
2S 5.3 5.3 8.6 8.6 13.3 13.3 
3S 3.7 3.7 6.1 6.1 9.4 9.4 
Barley 1 3.6 4.2 6.4 6.8 12.0 10.5 
25 21.2 21.2 34.4 34.4 53.0 53.0 
3S 15.0 15.0 24.3 24.3 37.5 37.5 
Com silage 1 4.9 5.2 7.9 8.4 10.4 13.0 
2S 0.0 0.0 0.0 0.0 0.0 0.0 
3S 0.0 0.0 0.0 0.0 0.0 0.0 
Rotation 1 0.9 0.0 1.0 0.0 1.1 0.0 
pasture 2S 0.0 0.0 0.0 0.0 0.0 0.0 
3S 0.0 0.0 0.0 0.0 0.0 0.0 
Permanent 6W 0.0 37.6 0.0 60.9 0.0 94.0 
pasture 
Crops sold 
Barley (bu.) 2,163 2,360 3,544 3,824 5,778 5,886 
Purchased inputs 
Capital ($) 109,400 128,464 164,106 195,872 242,462 293,909 
Labor (days) 0 0 0 0 210 371 
Barley (bu.) 0 0 0 0 0 0 
148 
Table 38. Continued) 
Farm number 22 23 24 
Price of water del. 
at farm canal 
(dollars) 
Livestock (units) 
1. Dairy 
2. Sheep 
3. Beef 
4. Beeff 
12.00 
0 
0 
0 
24 
23.49 
0.00 
0 
0 
0 
30 
30.17 
12.00 
0 
0 
0 
38 
38.07 
0.00 
0 
0 
0 
49 
49.23 
12.00 
0 
0 
0 
59 
58.82 
0.00 
0 
0 
0 
75 
75.06 
Crops (acres) 
Type Soil class 
Alfalfa 1 2.3 2.3 3.8 3.8 5.9 5.9 
2S 5.3 5.3 8.6 8.6 13.2 13.2 
3S 3.7 3.7 6.1 6.1 9.4 9.4 
Barley 1 2.2 0.7 4.2 1.1 8.6 3.9 
25 21.2 21.2 34.4 34.4 53.0 53.0 
3S 15.0 15.0 24.3 24.3 37.5 37.5 
Corn silage 1 6.3 7.3 10.0 11.8 13.8 17.6 
2S 0.0 0.0 0.0 0.0 0.0 0.0 
38 0 = 0 0 = 0 0.0 0.0 0.0 0.0 
Rotation 1 0.9 1.4 1.0 2.3 1.0 1.9 
pasture 2S 0.0 0.0 0.0 0.0 0.0 0.0 
3S 0.0 0.0 0.0 0.0 0.0 0.0 
Permanent ÔW 0.0 37.6 0. G 60.9 0,0 93.9 
pasture 
Crops sold 
Barley (bu. ) 1,607 1,524 2,648 2,462 4,380 3,947 
Purchased inputs 
Capital ($) 116,598 140,837 175,700 215,874 260,493 320,990 
Labor (days) 0 0 0 0 18 386 
Barley (bu.) 0 0 0 0 0 0 
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crop grown on land class 2S may shift from activity A2S17D to activity 
Â2S18D where there are two crop producing activities. Thus there is 18 
acre inches of water, measured as acre inches available for consumptive 
use, applied to one acre of alfalfa in activity A2S18D whereas there is 
only 17 acre inches applied in activity A2S17D. 
Changes in the cropping pattern By changes in cropping pattern is 
meant the land use is changed such that one crop replaces another on a 
particular soil class or in total. 
Changes in the quantity of land being irrigated Whether or not 
land is used to produce a crop depends upon the derived demand for the 
crop produced on the land. All land in classes 1, 2S and 3S was included 
in the optimal solution for all farms over the price range of the water 
demand functions. However, land class 6W generally received irrigation 
water only at low water prices. Whether the permanent pasture is irrigated 
has a big impact upon water demand and also upon the number of units of 
livestock produced. 
Irrespective of the rule being used for determining water allocation 
the stability of the farm organization between years when the quantity of 
water fluctuates considerably is of major consideration. The data in 
Table 38 is information on livestock and crop production, barley sales 
and purchases of some inputs. One representative farm will be discussed 
in detail to give meaning to the data headings. Subsequently, general 
statements will be made about all farms. 
Stability of production on representative farm number 8 
Livestock The representative farm chosen is a medium sized 
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beef farm in. the Huntington Area. The livestock numbers vary from 39 to 
54 as the price of water decreases from 12.00 dollars an acre foot to 0.00 
dollars an acre foot, see farm number 8 in Table 38. The increase in live­
stock numbers is made possible by more intensive use of water, changing the 
cropping pattern and irrigating additional land as the price of water 
decreases. 
The number of units of livestock which can be raised depends upon the 
availability of animal unit months of grazing. The number of animal units 
of beef cattle on the farm being studied is restricted by the availability 
of public and private range land, the number of acres of rotation pasture, 
and the crop aftermath from barley and alfalfa. When the price of water 
reaches this 3.70 dollars it is used to irrigate permanent pasture. The 
animal unit months of grazing supplied by the permanent pasture facilitate 
an increase in the number of units of beef cattle which can be produced on 
the farm. The 94.5 acres of land class 6W increases the animal unit months 
of grazing by 94.5 (2.0 - 0.2) animal unit months. Since the animal unit 
month requirement for one unit of beef is 10.744 animal unit months the 
irrigated permanent pasture can support 15.83 units of beef during the 
grazing season. 
Crops The data on crop production activities from the linear 
programming solutions were aggregated so that more intensive use of water 
is not observable in the data recorded in Table 38. All the activities 
which produce the same crop on a given land class have been aggregated. 
However, there was generally only one activity which produced a specific 
crop on a specific soil class. Occasionally two activities produced the 
same crop on a given soil class. 
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Changes in the crop production pattern did occur and are observable 
in the data in Table 38. The acreages of alfalfa on different soil classes 
remained stable. The marginal value product of an additional unit of all 
alfalfa production activities was negative. This means that if fewer units 
of alfalfa producing activities and more units of other crop producing 
activities were in the farm program then the value of the objective function 
would be increased. However, a minimum number of units of alfalfa 
production activities was specified based on soil management requirements. 
This minimum requirement of units of alfalfa producing activities restricts 
reduction in the number of units of alfalfa producing activities. 
Only 1.2 acre of rotation pasture is produced when the price of water 
is 12.00 dollars an acre foot and is zero acres are grown when the price of 
water is zero dollars an acre foot. In general, production of rotation 
pasture is not as profitable as producing other crops. 
As livestock numbers increased from 39 units to 54 units the winter 
feed requirements was met by an increase from 2.6 acres to 7.3 acres of 
corn silage on land class 2S and more intensive use of water in producing 
com silage and alfalfa. 
The acreage of barley produced on land class 1 and 3S remained constant 
while the acreage produced on land class 2S decreased from 20.3 acres to 
16.8 acres. This 3.5 acres plus the 1.2 acres of land class 2S which was 
used to produce rotation pasture when the price of water was 12.00 an acre 
foot, are used to produce corn silage when the price of water is zero 
dollars per acre foot. This is the only shift in the crop production 
pattern as the price of water decreases from 12.00 dollars an acre foot to 
zero dollars an acre foot. 
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By observing the demand curve for water on representative farm number 
8, Figure 15, one can see that as the price of water decreases the quantity 
of water demanded increases only to a limited extent until the water price 
reaches 3.70 dollars an acre foot. Table 108. When the water price reaches 
3.70 dollars an acre foot it becomes profitable to irrigate land class 6W 
to produce permanent pasture. Consequently, the quantity of water demanded 
becomes considerably larger when the price of water is 3.70 dollars an acre 
foot as compared to higher prices. At prices of water below 3.70 dollars 
an acre foot there are only relatively minor increases in the quantity of 
water demanded as the water price decreases. These relatively minor 
increases in the quantity of water demanded as the price of water decreases 
from 3.70 to zero dollars an acre foot again result mainly from more 
intensive use of water in producing a particular pattern of crops. These 
moderate increases in the quantity of water demanded as the price of water 
decreases from 12.00 an acre foot to 3.70 an acre foot result mainly from 
more intensive use of water in producing a particular pattern of crops. 
An alternative allocation of water 
An item of interest in this study is the extent to which the optimal 
allocation of water deviates from what the water allocation would have been 
if some other rule had been used. The following rule corresponds to the 
rule which is used by the Bureau of Reclamation in allocating water. 
RULE: The available water shall be allocated in proportion 
to the number of irrigable acres. 
The contractual agreement for water allocation in the project may 
result in a different allocation of water than the economically optimum 
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allocation of water which is solved for in this study. Since the water 
allocation which would result from the contractual allocation of water was 
not solved directly in this study a direct comparison of the two solutions 
is not possible. However, at the farm level, some comparisons can be made 
between the optimal allocation of water and the allocation which would have 
occurred if the water had been allocated according to contractual agreement. 
The contract between the United States and Cottonwood Creek Consolidated 
Irrigation Company Relating to Exchange and Adjustment of Water Rights 
(61, p. 117) and the contract between the United States and Huntington-
Cleveland Irrigation Company Relating to Exchange and Adjustment of Water 
Rights (61, p. 124) each have similar statements about per acre water 
diversion requirements and the operation of the project. An exerpt from 
the second listed contract is given below to emphasize the regulations 
and water requirements specified in the contracts, "a. The irrigation 
season is from April 1 to October 31 of each year. The irrigated land 
served by the Company canals is 21,766 acres, and the annual irrigation 
demand for such land as it applies to decreed and application water is 
3.9 acre-feet per acre for the irrigation season, measured at the Company's 
headgate diversion point. During the nonirrigation season the Company's 
use for domestic and stock watering purposes is 1,000 acre-feet total for 
said nonirrigation season. 
b. Under project operation and within the limits of its decreed and 
application right in Huntington Creek, the Company must call for its water 
according to the following schedule: 
(1) during April, not to exceed 4 percent of its annual irrigation 
demand, or not to exceed 3,400 acre-feet. 
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(2) during May, not to exceed 15 percent of its annual irrigation 
demand, or not to exceed 12,700 acre-feet. 
(3) during June, not to exceed 21 percent of its annual irrigation 
demand, or not to exceed 17,800 acre-feet. 
(4) during July, not to exceed 23 percent of its annual irrigation 
demand, or not to exceed 19,600 acre-feet. 
(5) during August, not to exceed 19 percent of its annual irrigation 
demand, or not to exceed 16,100 acre-feet. 
(6) during September, not to exceed 14 percent of its annual irrigation 
demand, or not to exceed 11,900 acre-feet. 
(7) during October, not to exceed 4 percent of its annual irrigation 
demand, or not to exceed 3,400 acre-feet" (61, p. 126). 
The water requirement of 3.9 acre-feet per acre was arrived at by the 
Bureau of Reclamation who used budgeting procedures. The water requirements 
for farms when the linear programming is used to allocate the water are 
specified in the form of the demand curves. Implicitly incorporated into 
the water demand function is a seasonal allocation of water similar to 
that specified in the above excerpt. The seasonal distribution of water 
is explicitly considered in Chapter 10, when the aggregate demand for water 
is considered. At this point in the analysis the major concern is with 
how the total quantity of water is allocated among farms. While it is 
explicitly stated that the water should be allocated in a time dimension 
to meet the 3.9 acre-feet per acre water requirement, there is no statement 
on how the water should be allocated if there is an inadequate quantity to 
meet project water demands. The way the project actually operates when 
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there is a shortage of water is indicated by the project operation study 
(60) .  
If at any given price the total quantity of water for the Cottonwood 
Area were allocated equally to each acre in the Cottonwood Area then this 
allocation of water would correspond to the Bureau's allocation of water, 
i.e. the RULE stated above. This rule was used to allocate water to the 
representative farms in both the Cottonwood and Huntington Areas and the 
quantity of water is designated as QR in Table 101 through 124, Appendix 
A, and is designated as points in Figures 8 through 31, Appendix B. One 
representative farm, number 8, will be discussed in detail to indicate 
how the quantity of water QR should be interpreted. 
Water for a representative farm The normative demand curve for 
water for farm number 8 is shown in Figure 15 and given in tabular 
form in Table 108. The normative demand curve shows the quantity of water 
demanded by the farmer at any specified price. The farmers share, as 
calculated by the RULE allocation, of the total quantity of water demanded 
at that price is plotted at that price. Figure 108, and recorded at that 
price. Table 15. The difference between the quantity demanded, QD, and 
the quantity QR, derived by the rule allocation, can be seen in Figure 15 
or recorded in Table 108 as (QR-QD). The price-quantity, QR, relationship 
cannot be interpreted in the same manner as the price-quantity demanded, 
QD, relationship is interpreted as a demand curve. 
The representative farms were chosen based upon (a) area of the 
project, (b) type of farm, and (c) size, total number of irrigable 
cultivatable acreage. Thus there were two areas, four types and three 
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sizes of farms. Within each area for each farm size the four farm types 
each have identical land resources. Consequently the farm type designation 
can be dropped while the RULE water allocation is being determined. For 
each area there are three farm sizes and consequently three different rule 
allocations. This means that, for example, the four types of small farms 
in the Cottonwood Area would all receive the same quantity of water under 
the rule allocation. From the earlier discussion on the normative water 
demand curves for the small farms in the Cottonwood Area it is apparent 
that at some prices of water there are considerable differences between the 
quantity demanded, QD, and the quantity available under the rule allocation, 
QR. This would suggest that if the water were allocated on the basis of 
RULE then farmers could make themselves better off by selling water to each 
other. The economic benefits to be derived from this inter-firm allocation 
of water will be discussed below. However, it should be noted that a 
farmer's willingness to sell water may be influenced by his desire for 
stability in the number of livestock he has on his farm in spite of the 
fact that he may be able to sell the water for more than its marginal 
value product on his own farm. This is particularly true since he may be 
able to sell water one year but not the next. 
Relationship of QR to QD for representative farms For any given 
price the quantity of water demanded and the quantity determined by RULE 
is given in Tables 101 through 124. Also the value of QR-QD is given in 
these tables. QR-QD is the number of acre feet of water demanded at any 
given price subtracted from the quantity of water which is available as 
determined by RULE. The sign of QR-QD for the representative farms is 
summarized in Table 39. 
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Table 39. Sign of number obtained by subtracting quantity of water 
demanded from quantity of water under rule allocation at any 
given price of water 
Representative Sign of QR-QD over the range 
farm number of the water demand function 
Positive Negative Positive and negative 
1 X 
2 X 
3 X 
4 X 
5 X 
6 X 
7 X 
8 X 
9 X 
10 X 
11 X 
12 X 
X 
13 X 
14 X 
15 X 
16 X 
17 X 
18 X 
19 X 
20 X 
21 X 
22 X 
23 X 
24 X 
Small and medium sized dairy farms in both the Cottonwood and 
Huntington Areas, farm numbers 12, 13 and 14, always have a larger QD 
value than QR value. Particularly at high water prices the value of QD 
is considerably greater than the value of QR. 
Large sized sheep and beef farms in the Cottonwood and Huntington 
Areas, farm numbers 6, 9, 18 and 21, have a smaller QD value than QR value 
158 
at all water prices. 
The remaining sixteen farms have positive QR-QD values at some prices 
and negative values at other prices. The quantity of water demanded at 
4.00 dollars an acre foot can be read from the water demand schedules in 
Table 39 and recorded directly into Table 40. The rule allocation of 
water which corresponds to 4.00 dollars on the demand function is the 
largest quantity of water for any farm in that particular size class at a 
price of 4.00 dollars or more. Consequently, since farm number 19 has the 
largest QR value, 195.79 acre feet, at price of 4.12 dollars, this QR 
value becomes the value for all small farms. The marginal value product 
of an additional acre foot of water on the representative farms when 
water is allocated on the basis of RULE can be determined from the demand 
curve. These values are recorded as M.V.P, in Table 40. Since the 
marginal value product of water shows the value of an additional acre foot 
of water it is apparent that some farms could sell water to other farms 
to the mutual benefits of all parties involved in the transaction. The 
value of an additional acre foot of water, marginal value product of an 
additional acre foot of water, on farm number 18 is 1.87 dollars. 
Alternatively one could say that a reduction of one acre foot of water on 
farm 18 would reduce the value of the objective function by 1.87 dollars. 
The marginal value product of an additional acre foot of water on farm 
number 17 is 5.10 dollars. Consequently, if a unit of water were sold by 
farm number 18 to farm number 17 at a price somewhere between 1.87 and 5.10 
dollars both farms could have a higher income. If all farms wished to 
maximize profit and competitively bid a profitable arrangement could be 
attained for all farmers. 
Table 40. Potential gains from reallocation of water among farms in the Huntington Watershed 
for a specific year 
Rule allocation Economic effic. 
allocation Farm Project^ 
Farm number QR 
acre feet 
M.V.P. 
(dollars) 
QD 
acre feet 
M.V.P. 
(dollars) 
QR-QD 
acre feet 
QR-QD 
acre feet 
13 195.79 12.00+ 265.52 4.00 -69.73 478.72 
14 317.17 12.00+ 430.15 4.00 -112.98 468.26 
15 489.47 4.31 544.80 4.00 -55.33 183.81 
16 195.79 6.07 221.67 4.00 -25.78 353.97 
17 317.17 5.10 349.47 4.00 -32.30 267.74 
18 489.47 1.87 315.02 4.00 174.45 1,159.10 
19 195.79 4.12 217.69 4.00 -21.90 675.07 
20 317.17 4.12 352.66 4.00 -35.49 660.45 
21 489.47 2.58 329.53 4.00 159.94 2,385.73 
22 195.79 5.80 218.55 4.00 -22.76 392.20 
23 317.17 5.80 354.05 4.00 -36.88 383.67 
24 489.47 3.70 451.06 4.00 38.41 320.28 
^The project value is obtained by multiplying the farm value times the weight for that farm. 
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CHAPTER EIGHT. THE REGIONAL WATER ALLOCATION MODEL 
Introduction 
The water allocation model used in this study to analyze alternative 
12 
sets of project structures is a recursive linear programming model. 
This chapter will discuss recursive linear programming models. The water 
allocation model will also be discussed along with alternative models 
which could have been used for analyzing the alternative water development 
projects. A few definitions and general descriptions of models are 
necessary at this point. 
Three types of models which allow inter-temporal sequencing of 
events to be analyzed are recursive linear programming models, dynamic 
(multi-period) linear programming models and simulation models (which may 
incorporate linear programming models). These models have been used to 
analyze growth problems at the firm level. The distinction among the 
13 
models has been made in many different ways. The following definitions 
will be used in this study. 
Linear programming models were discussed in Chapter 3. By recursive 
it is meant that the events of one time period somehow affect the events 
of the subsequent time period. Recursive linear programming thus involves 
the solution from a linear programming model in a given time period, in 
the linear programming model of the subsequent time period. The variables 
from the initial solution may be prices, resources or activity levels. 
_ 
See (51) for an annual model in which ground water as well as 
surface water is included. 
13 
The review of these models by Irwin is informative and sites 
numerous studies in which the models have been used (39). 
161 
Models of this type are sometimes called one-way recursive linear 
programming models because the recursive nature is only in one direction. 
The regional water allocation model is a recursive one because the active 
water stored in the reservoir(s) at the end of one year, an activity level 
in one model, is used as an initial supply in the reservoir, a resource 
constraint in the subsequent model, at the beginning of the subsequent year. 
This allocates water to alternative uses, within the year, by maximizing 
the objective function, consumer surplus. 
tbilti-period linear programming consists of incorporating several 
"annual", or some other time period, linear programming models into one 
large model. The "annual" models form a block diagonal matrix. The 
entries in the objective function reflect discounted prices for factors of 
production and for outputs. The "annual" models are connected through 
capital and/or other transfer activities. The optimum solution to the 
large model represents the best alternative for the total time period. 
This model is recursive forward and backward since the results for any 
time period, excluding the initial and final time periods, are influenced 
by both preceding and subsequent time periods. Several refinements have 
been made to multi-period linear programming and the potential as a growth 
model is immense (39). 
One definition of simulation is given by Naylor et al. "Simulation 
is a numerical technique for conducting experiments on a digital computer 
which involves certain types of mathematical and logical models that 
describe the behavior of a business or economic system (or some component 
thereof) over extended periods of real time" (49). 
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Recursive linear programming and multi-period linear programming are 
optimizing techniques. Simulation models are not strictly optimizing, 
irrespective of how close the approximation procedure may ccxne to 
optimizing. '"Eisgruber (9) and Button (13) both make the distinction 
that simulation models are nonanalytic (that is, they do not guarantee an 
optimum), and if analytic optimizing models can handle the situation they 
are to be preferred. Thus the simulation models have their place when the 
decision process to be described is extremely complex, and analytic 
approaches either have not been or cannot be developed" (39). 
Simulation models may, however, incorporate optimizing techniques. 
One simulation study included a linear programming model in a subroutine 
(26). The water allocation model used in this study and discussed below 
incorporates historical waterflow data as well as being a recursive linear 
programming model. Thus it is in some sense a simulation model. 
14 
Recursive linear programming 
An example The following example illustrates the use of water in 
a recursive linear programming model to produce two crops; 
Minimize C^X^(t) + subject to 
X^(t) + XgCt) ^ B(t) 
B(t) = B(t) + 
> 0 where 
X^ is the i'^ crop, i = 1, 2 
14 
A useful reference is (52, pp. 73). 
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is the price of the i'^ crop 
t is the t'^ time period 
B is the water resource constraint 
B^ is the stream flow in the t^^ time period 
B* , is the water stored in reservoirs in the (t-1) time period which 
t-1 
was not used in that time period. 
The recursive linear programming model defined above, may be illustrated 
by a schematic diagram. See Figure 4. 
In this small model the value of B*(t-1) could be obtained as the 
value of the slack, unused water resource, in the solution of the linear 
programming model for time period (t-1). 
Water allocation model 
The objective function of the water allocation model is derived from 
the consumer surplus associated with the water demand function for each 
alternative water use. Within each year the model maximizes consumer 
surplus subject to the water constraints. In this project water demand 
was considered for: (a) domestic, municipal and industrial water require­
ments; (b) irrigation water requirements; (c) electrical power water require­
ments; (d) recreation water requirements; and (e) fish and wildlife water 
requirements. With the exception of the water demand for irrigation, which 
was estimated in this study, the other water requirements were given in 
the Bureau study (60, 61, 64). 
The activities in the model include water demand activities, discussed 
in Chapter 10, and water supply activities, discussed in Chapter 9. 
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START: READ IN DATA 
OPTIMIZE THE LINEAR PROGRAMMING MODEL FOR YEAR (t-i) 
DETERMINE THE AMOUNT OF WATER SUPPLY B(t-i) WHICH 
IS UNUSED IN (t-i) AND IS CONSEQUENTLY STORED 
IN A RESERVOIR AS B'(t-i) 
MODIFY THE LINEAR PROGRAMMING MODEL IN 
(t) BY ADDING B* (t-i) AND B(t) _ 
DETERMINE THE WATER RESOURCE SUPPLY B(t) 
, i 
[OPTIMIZE THE LINEAR PROGRAMING MODEL FOR YEAR t 
, i , 
jCONilNUE PROCEDURE SUBSEQUENT YEARS IF DESIREPj 
PRINT OUT RESULTS 
ANALYZE RESULTS 
Figure 4. Schematic diagram of a simple recursive linear programming 
model 
165 
The recursive aspect of the model is related to the resource con­
straints used. Historical waterflow data for the years 1920 through 1959 
were used as the water resource constraints for the forty years analyzed 
using the model. The model was designed to store (in reservoirs) water 
not used by activities in one year. The water storage in any given 
reservoir was represented by an activity level. When the optimal solution 
for a given year of the model was determined the level of activities 
representing the reservoirs was noted and used to revise the water con­
straints in the model for the subsequent year. This revision was 
accomplished with a computer subroutine. 
Simulator aspects of the water allocation model 
The recursive aspect of the water allocation model functions well. 
However there are two problems with the way the waterflow data was handled. 
First, the historical waterflow data used as resource constraints in the 
linear programming model is only a proxy for future waterflow. Second, 
the model was constructed so that each year the model maximized consumer 
surplus subject to the water constraints. In one year water may be used 
until the marginal value product becomes zero while in the subsequent year 
the marginal value product may be very high. An inter-year water transfer 
in such a situation would increase the value of the objective function for 
the two years collectively. A strategy needs to be developed for deter­
mining how much water should be transferred from year to year. 
An attempt can be made to solve the first of the two problems. The 
historical waterflow data could be used to estimate probability functions 
of waterflow. These probability functions would then be used to derive 
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coefficients for use as water resource constraints in the linear programming 
models to replace the historical waterflow data currently used. The 
estimation of the probability functions for the two creeks in the Emery 
County Project would involve the following considerations. Stream flow 
records are quite limited, Chapter 9. Monthly as well as annual stream 
flow is needed in the water allocation model. Both stream flow, resulting 
from thawing snow, and plant growth (and hence actual water requirements) 
are affected by the seasonal distribution of heat units. Meanwhile, the 
irrigation water demand is specified assuming an average seasonal distri­
bution of heat units. Some adjustment in historical seasonal stream flow 
to adjust for the seasonal distribution of heat units would be desirable 
for the irrigation aspect of the study. However, such an adjustment may 
be unsatisfactory in some analysis because it may affect the analysis in 
terms of water requirements for other uses. 
The estimate of waterflow for the two creeks may be made more 
realistic by estimating waterflow from snow pack, condition of the water­
shed the previous year(s), various hydrologie aspects of the watersheds, 
and other relevant variables. 
The second problem, to develop an optimum strategy for operating the 
project, is very interesting. The factors to be considered at the 
beginning of an irrigation season would include water demand functions 
(which are the same for all years), water stored in reservoirs, expected 
stream flow this year and in subsequent years. This problem will not be 
solved in this study. The optimum strategy may involve simulation with 
the model using various strategies. 
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Alternative models for project analysis 
Most of the water allocation models discussed in the literature 
pertain to optimizing project irrigation benefits in a single year, for 
example 6, 15 and 51. Many of these models are based on a simple water­
shed design similar to the one in this study. However, the models are 
generally much smaller (15). Heady (32) suggests a number of models which 
would not involve individual farms but would involve alternative water 
uses in a comprehensive manner. He also discusses the situation in which 
the quantity of products produced in the project influences the product 
price (32, p. 212). Quadratic programming has been used in models where 
product price is not independent of the quantity produced (25). An 
application of quadratic programming in water resource planning at a 
river basin level is given by Guise and Flinn (24). The use of a recursive 
quadratic programming model to simulate the operation of the Emery County 
Project was not evaluated in this study. 
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CHAPTER NINE. WATER SUPPLY 
Introduction 
This chapter and Chapter 10 contain discussions on the regional water 
allocation model which is a recursive linear programming model which is 
used to determine the optimum allocation of water among alternative uses. 
Chapter 9 contains a discussion on the supply of water and activities 
which represent inter-temporal and inter-spacial water transfers. Chapter 
10 contains a discussion about water uses and how these water demands are 
specified in the regional water allocation model. The coefficients for 
the complete regional water allocation model are available in a supplement. 
This chapter will be divided into three main segments which are three 
different sections of linear programming models, namely the rows section, 
right hand side section and columns section. However, as mentioned above, 
the columns, activities, representing water demands for alternative use 
will be discussed in Chapter 10. 
Rows section 
The rows section of the regional water allocation model consists of 
resource and accounting rows. The resources consist of dam constraints or 
water constraints specified in terms of time and location. The accounting 
rows are included to facilitate forcing certain activities into the 
solution of the problem. 
Water resource constraints A figure (61, introduction page 1), 
shows the physical features of the Emery County Project including the 
proposed irrigation structures which would facilitate inter-area water 
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transfer. If the names of the relevant creeks, reservoirs and land areas 
are coded as in Table 41, then the inter-spacial waterflow can be depicted 
as in Figure 5. 
The water can be defined with respect to time by adding a time 
designation to the existing names for the water resources. For the water 
resources and the dams the designation given in Table 42 has been used to 
indicate time. 
Table 41. Codes for spatial description of water resources^ in Emery 
County 
Code Spatial description 
sc Water in Seely Creek 
JR It If Joes Valley Reservoir 
CC If II Cottonwood Creek 
CA If II Cottonwood Area 
HA It II Huntington Area 
HH II II Huntington Headwaters 
SR II II Small Reservoirs 
HC II II Huntington Greek 
HI SI !f Huntington Area 1 
H2 II II Huntington Area 2 
H3 II II Huntington Area 3 
N4 II II Huntington North Reservoir 
^The unit of account for water is one acre-foot. 
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Figure 5. Water flow diagram for the Emery County Project. (The 
letter abbreviations are defined in Table 41. This Figure 
is based on (61, p. 1).) 
171 
Table 42. Codes for temporal dimension of water resource constraints 
and dam constraints 
Code Month 
1 January 
2 February 
3 March 
4 April 
5 May 
6 June 
7 July 
8 August 
9 September 
10 October 
11 November 
12 December 
Seely Creek water resources Water in Seely Creek is 
designated SC, Table 42. The addition of the temporal designation gives 
twelve water resource constraints for Seely Creek; 
SCI Water in Seely Creek in January 
SC2 •» " " " " February 
SC3 " " " " " March 
SC4 " " " " " April 
SC5 •• " " " " May 
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SC6 II  tl t l  II  I t  June 
SC7 t l  II  I t  t t  If  July-
SC8 II  I t  I t  II  II  August 
SC9 I t  t l  II  I t  If  September 
SCIO If  11 II  I t  tf  October 
sell t l  11 II  II  II  November 
SC12 II  II  I t  t t  t t  December 
Water resources other than Seely Creek Time dimension in terms of 
months can also be added to the other water resources listed in Table 41. 
As mentioned above the water resources have been identified with respect 
to location and time in the regional water allocation model. 
The level of water resource constraints are described in the Rhs, 
right hand side, section of the regional water allocation model. 
Water resource constraints for inter-year water transfers There 
are rows in the model to facilitate activities which are necessary for the 
recursive aspect, inter-year water transfer, of the regional water 
allocation model. Rows have been added for water in Joes Valley 
Reservoir (JR13), Huntington North Reservoir (NR13) and the Small 
Reservoirs (SR13) at the end of the year. This water which is available 
in the three reservoirs at the end of the year becomes a pre-January supply 
of water for the subsequent year. While the water resources in the three 
reservoirs at the end of the year are JR13, NR13 and SR13, these same 
water resources appear as JR14, NR14 and SR14 respectively in the 
subsequent year. 
Dam constraints The size of Joes Valley Dam (JD), Huntington 
North Dam (ND) and the Small Dams (SD) determine the active capacity of 
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Joes Valley Reservoir, Huntington North Reservoir and the Small Reservoirs 
respectively. The constraints for these dams are specified for January 
through December. In addition, the amount of water which can be held in 
the reservoirs at the end of the year is restrained by the dam sizes, 
consequently JD13, ND13 and SD13 are also included in the model. 
Land constraints Four land constraints have been included in the 
1) CA is land in the Cottonwood Area 
2) II II If II Huntington Area 1 
3) JJ2 " •• •« II It It 2 
4) JJ2 " •• II II II If 3 
Accounting rows 
Evaporation from reservoirs Evaporation is a major cause of 
water loss from Joes Valley Reservoir and North Huntington Reservoir. 
Consequently, activities are included in the model to represent these 
water losses. Accounting rows associated with these water evaporation 
activities are JREVAPOR and NREVAPOR for Joes Valley Reservoir and North 
Huntington Reservoir respectively. 
Non-active capacity of Huntington North Reservoir There is 
nonactive capacity in Joes Valley Reservoir and Huntington North 
Reservoir. To bring the reservoirs into operation the nonactive water 
must first be stored in the reservoirs. An activity is added to take care 
of this problem for Huntington North Reservoir and the accounting row 
associated with the activity is NRACC. The nonactive water for Joes 
Valley Reservoir is handled differently in the model and is discussed in 
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conjunction with Joes Valley Reservoir in the Columns section below. 
Municipal water requirement Municipal water requirements 
for livestock and domestic use in the Cottonwood Area and Huntington Area 
are supplied by activities in the program. The accounting rows associated 
with these activities are CDOMESTC for the Cottonwood Area and HDOMESTC 
for the Huntington Area. 
Irrigation requirements for domestic use There are water 
rights associated with land in land classes 1, 2 and 3 which compose farm 
sites. There are also water rights associated with some land in towns, 
land class 4H. Activities have been included in the model to provide 
water for "domestic" irrigation in the Cottonwood Area, Huntington Area 1, 
Huntington Area 2 and Huntington Area 3. The accounting rows associated 
with these activities are CAFARM, HIFABM, H2FARM, and H3FARM respectively. 
Rhs (right hand side) section 
This section of the study specifies the resource constraints and 
constraints associated with the accounting rows for one year of the forty 
year model. The first right hand side of the model consists of resources 
and accounting rows restrictions for 1920. Resources or accounting 
restrictions which are equal to zero are not listed. 
Water resource constraints The waterflow diagram discussed 
earlier. Figure 5, illustrates the alternative paths that water may take 
within or between the watersheds. The water from Seely Creek, Cottonwood 
Creek and Huntington Headwaters may (a) be stored in a reservoir, (b) be 
used for irrigation or to meet municipal requirements, or (c) run into 
the San Rafael River or be used for irrigation by farmers who are 
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excluded from this study. The following paragraphs consist of a 
description of water supply in Seely Creek, Cottonwood Creek, Huntington 
Creek, Joes Valley Reservoir, Huntington North Reservoir, and other water 
resources. 
Water supply in Seely Creek^^ The water supply data for 
Seely Creek must reflect the amount of water which will be available at 
Joes Valley Damsite for storage or release to Seely Creek. To get this 
water supply data for the forty year period of 1920 to 1960 some missing 
data had to be estimated and corrections had to be made for transmountain 
water diversions. 
The gaging station was located at the potential Joes Valley Damsite 
about 300 feet downstream from the junction of North Dragon, Lowry and 
Seely Creeks (61, introduction page 1). There are only four years of 
stream flow data at this Seely Creek gaging station. Table 43. 
There are twelve tunnels or ditches which divert water from the 
headwaters of the Cottonwood Creek drainage to the San Pitch Basin, a 
part of the Sevier River Basin. Ten of these diversions are of minor 
quantities and began before 1920. Therefore, the records at downstream 
gaging stations reflect the reduction in runoff caused by the diversions. 
However, the Ephraim and Spring City Tunnels were constructed by the 
Bureau of Reclamation and diversions have occurred since 1937, Table 43 
and Figure 5. "Divertable flows for years 1920 to 1936 inclusive were 
estimated by correlation with Cottonwood Creek near Orangeville" (61, p. 
15). The water which would have been diverted through the Ephraim 
^^For a detailed description see (61, pp. 9-15). 
Table 43. Stream gaging stations^ 
Drainage 
area sq. 
Stream name Location miles Period of record 
COTTONWOOD DRAINAGE 
Ephraim tunnel (east portal) NW^ Sec. 
CM 
T17S, R4E 6.7 1937 to date 
Spring City tunnel (west portal) SW^ Sec. 16, T16S, R5E 3.2 1937 to date 
Seely Creek nr Orangeville NE% Sec. 5, TI8S, R6E 135 Sept. 1953 to Sept. 1957 (disc 
Cottonwood Creek nr Orangeville sw:k Sec. 10, T18S, R7E 200 1909 - 1927, 1932 to date 
Mammoth Canal nr Orangeville Sec. 13, T18S, R7E May 1958 to date 
Great Western Canal nr Orangeville Sec. 24, T18S, R7E May 1958 to date 
Blue Cut Canal nr Orangeville Sec. 29, T18S, R8E May 1958 to date 
Cox Ditch nr Castle Dale Sec. 33, T18S, R8E May 1958 to date 
Jorgensen Ditch SE Castle Dale Sec. 6, T19S, R9E June 1959 to date 
JNTINGTON DRAINAGE 
Huntington Creek nr Huntington CO
 
M
 
Sec. 6, T17S, R8E 188 1909 - 1917, 1921 to date 
Cleveland Canal nr Huntington Sec. 9, T17S, R8E May 1958 to date 
Huntington Canal nr Huntington Sec. 15, T17S, R8E May 1958 to date 
North Ditch Canal nr Huntington Sec. 14, T17S, R8E May 1958 to date 
*(61, Table 4, p. 11). 
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Tunnel and Spring City Tunnel is recorded along with actual diversions in 
Table 44 and Table 45. 
The historical flow of Seely Creek was recorded for October 1953 to 
September 1957. The water flow data for years 1920 through September 1953 
and October 1957 through 1959 were estimated by correlation with Cottonwood 
Creek gaging station historical data. This historical data is adjusted for 
estimated Ephraim and Spring City Tunnels diversions for 1920 through 1936, 
thus giving the modified flow of Seely Creek, Table 46. The modified flow 
of Seely Creek shows the water available at Joes Valley Damsite for a 
forty year period, 1920 through 1959, assuming the existence of the twelve 
transmountain diversions. 
The modified water supply is used as the water supply for Seely Creek 
in the water allocation model. The 1920 data from Table 46 were used for 
the resource constraints and are restated below: 
SCI 600 
SC2 800 
SC3 900 
SC4 1,100 
SC5 19,800 
SC6 965 
SC7 1,180 
SC8 1,375 
SC9 180 
SCIO 165 
sell 155 
SC12 145 
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Table 44. Recorded and estimated flow of Ephraim Tunnel (at East portal)^ 
unit = 1,000 acre feet 
Year April May June July August Total 
1920 0.1 1.0 2.2 0.6 0.0 3.9 
1921 0.1 0.9 1.1 1.0 0.0 3.1 
1922 0.2 1.7 2.3 0.9 0.0 5.1 
1923 0.1 1.7 2.1 1.0 0.0 4.9 
1924 0.1 0.8 0.6 0.1 0.0 1.6 
1925 0.1 1.2 0.6 0.1 0.0 2.0 
1926 0.1 1.2 0.6 0.1 0.0 2.0 
1927 0.1 1.3 1.6 0.5 0.0 3.5 
1928 0.1 2.0 1.6 0.5 0.0 4.2 
1929 0.1 1.3 2.6 0.7 0.0 4.7 
1930 0.2 0.5 1.0 0.2 0.0 1.9 
1931 0.1 0.1 0.5 0.1 0.0 0.8 
1932 0.1 1.0 1.7 0.2 0.0 3.0 
1933 0.1 0.1 2.6 0.6 0.0 3.4 
1934 0.1 0.1 0.1 0.1 0.0 0.4 
1935 0.1 0.2 2.3 0.3 0.0 2.9 
1936 0.1 2.5 1.6 0.4 0.0 4.6 
1937 0.2 1.0 0.7 0.1 0.0 2.0 
1938 0.1 1.3 1.7 0.4 0.0 3.5 
1939 0.2 1.0 0.6 0.1 0.0 1.9 
1940 0.1 2.3 1.0 0.1 0.0 3.5 
1941 0.1 1.9 2.5 0.5 0.0 5.0 
1942 0.1 0.5 2.6 0.4 0.0 3.6 
1943 0.2 1.3 1.0 0.2 0.0 2.7 
1944 0.1 0.6 2.2 0.7 0.0 3.6 
1945 0.1 0.8 2.4 0.9 0.2 4.4 
1946 0.2 1.8 1.1 0.2 0.0 3.3 
1947 0.1 1.7 1.8 0.5 0.0 4.1 
1948 0.1 0.7 1.3 0.3 0.0 2.4 
1949 0.2 1.0 0.6 0.1 0.0 1.9 
1950 0.1 1.5 1.3 0.2 0.0 3.1 
1951 0.1 1.0 1.8 0.2 0.1 3.2 
1952 0.1 0.9 1.8 0.9 0.2 3.9 
1953 0.1 0.1 3.0 0.4 0.1 3.7 
1954 0.1 0.1 1.9 0.4 0.1 2.5 
1955 0.1 1.1 1.6 0.2 0.0 3.0 
1956 0.1 2.2 1.0 0.2 0.0 3.5 
1957 0.1 0.2 1.0 1.0 0.2 2.5 
1958 0.1 1.5 2.3 0.2 0.1 4.2 
1959 0.1 0.9 1.2 0.1 0.1 2.4 
Total 4.7 44.8 60.0 15.4 1.0 125.9 
Mean 0.1 1.1 1.5 0.4 3.1 
*(61, Table 6, p. 13). 
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Table 45. Recorded and estimated flow of Ephraim Tunnel at East portal^ 
unit = 1,000 acre feet 
Year Feb. Mar. Apr. May June July Aug. Oct. Total 
1920 0.0 0.0 0.0 0.7 1.3 0.3 0.0 0.0 2.3 
1921 0.1 1.0 0.8 0.5 2.4 
1922 0.1 1.1 1.4 0.4 3.0 
1923 0.1 1.1 0.9 0.4 2.5 
1924 0.1 0.6 0.6 0.0 1.3 
1925 0.1 0.6 0.6 0,1 1.4 
1926 0.1 0.6 0.6 0.0 1.3 
1927 0.1 0.7 1.0 0.3 2.1 
1928 0.1 0.9 1.0 0.2 2.2 
1929 0.0 0.5 1.3 0.4 2.2 
1930 0.2 0.5 0.9 0.1 1.7 
1931 0.1 0.2 0.4 0.0 0.7 
1932 0.1 0.6 1.1 0.2 2.0 
1933 0.0 0.1 1.3 0.3 1.7 
1934 0.1 0.1 0.1 0.0 0.3 
1935 0.1 0.2 1.4 0.2 1.9 
1936 0.1 1.2 1.0 0.3 2.6 
1937 0.1 0.5 0.5 0.0 1.1 
1938 0.1 0.5 1.1 0.2 1.9 
1939 0.1 0.9 0.5 0.0 1.5 
1940 0.1 1.1 1.2 0.0 2.4 
1941 0.1 1.2 1.5 0.5 3.3 
1942 0.1 0.3 1.4 0.3 2.1 
1943 0.2 1.3 1.0 0.2 2.7 
1944 0.1 0.3 1.2 0.4 2.0 
1945 0.1 0.4 1.3 0.5 0.1 2.4 
1946 0.2 0.7 0.8 0.1 0.0 l.S 
1947 0.1 0.6 1.1 0.3 0.0 2.1 
1948 0.1 0.4 1.0 0.1 0.0 1.6 
1949 0.1 0.9 0.5 0.0 0.0 1.5 
1950 0.0 0.1 0.1 0.4 0.7 0.1 0.0 1.4 
1951 0.0 0.0 0.0 0.3 1.1 0.2 0.0 0.0 1.6 
1952 0.1 0.1 0.2 0.6 0.3 0.3 0.1 0.0 1.7 
1953 0.1 0.1 0.1 0.2 1.2 0.3 0.0 0.0 2.0 
1954 0.0 0.1 0.1 0.8 0.3 0.1 0.0 0.0 1.4 
1955 0.0 0.1 0.1 0.4 1.1 0.1 0.1 0.0 1.9 
1956 0.1 0.1 0.1 0.8 0,8 0.0 0.0 0.0 1.9 
1957 0.0 0.1 0.1 0.1 1.3 0.5 0.2 0.0 2.3 
1958 0.0 0.1 0.1 0.5 1.2 0.1 0.1 0,1 2.2 
1959 0.0 0.0 0.1 0.3 0.7 0.0 0.1 0.1 1.3 
Total 0.3 0.8 4.0 24.2 37.5 8.0 0,7 0.2 75.7 
Mean 0.1 0.6 1.0 0.2 
*(61, Table 7, p. 16). 
â b 
Table 46. Modified flow Seely Creek near Orangeville (at Joes Valley Damsite) ' 
Units : 1,000 acre feet 
Year Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Total 
1920 1.3 1.1 .9 .6 .8 .9 1.1 32.3 39.3 7.6 3.5 1.6 91.0 
1921 1.4 1.0 1.1 1.0 .9 1.4 2.7 18.9 62.6 18.0 4.5 4.0 117.5 
1922 3.2 2.4 2.0 1.7 1.7 2.9 5.2 27.3 43.7 14.0 8.6 2.1 114.8 
1923 1.5 1.4 1.5 1.7 1.3 2.7 4.0 27.3 38.5 17.4 3.2 2.4 102.9 
1924 2.0 1.8 1.4 1.2 1.0 1.2 4.2 19.2 8.7 2.9 1.3 1.3 46.2 
1925 1.0 .5 .5 .5 .7 1.2 5.6 21.5 9.4 4.1 2.3 1.7 49.0 
1926 1.3 .8 .8 .8 1.0 1.4 6.5 21.5 8.5 2.5 1.4 1.2 47.7 
1927 1.0 .9 . 6 .4 .5 1.7 4.4 23.3 16.9 6.7 3.5 3.0 62.9 
1928 1.3 1.2 .9 .9 .9 1.6 4.3 33.6 17.4 6.4 2.2 1.4 72.1 
1929 1.4 1.1 .9 .9 .9 1.8 1.9 22.1 28.6 8.9 3.1 3.1 74.7 
1930 1.8 1.4 1.1 1.0 1.0 1.9 6.8 14.0 12.5 4.3 2.6 1.9 50.3 
1931 2.0 1.2 1.1 1.0 .9 1.4 3.1 8.2 6.8 2.8 1.2 1.0 30.7 
1932 .9 .9 1.0 .8 .9 1.1 3.6 20.5 18.9 5.2 2.4 1.5 57.7 
1933 1.2 1.1 .8 .5 .4 .9 1.8 6.6 29.1 7.8 3.1 1.5 54.8 
1934 .8 .9 1.0 .8 .7 1.1 6.1 6 6 2.2 1.1 1.1 .7 23.1 
1935 .6 .7 .7 .7 .7 1.0 2.0 8.6 45.8 5.2 2.2 1.2 69.4 
1936 1.0 1.1 .8 .8 .8 1.0 6.3 41.3 18.0 5.8 3.0 1.9 81.8 
1937 1.4 1.4 1.1 .9 .9 1.3 3.7 32.5 16.6 6.1 2.6 2.3 70.8 
1938 1.4 1.1 1.1 1.1 1.0 1.3 5.8 25.5 22.5 4.2 2.4 1.9 69.3 
1939 1.4 1.3 1.1 1.0 .8 2.8 7.6 25.4 10.9 3.1 1.9 1.7 59.0 
1940 1.4 1.0 .9 .8 .8 1.2 3.0 35.5 12.6 3.0 1.4 2.0 63.6 
1941 1.4 1.2 1.1 .9 .9 1.3 2.2 33.5 31.2 6.8 2.7 2.0 85.2 
1942 2.5 2.1 1.7 1.5 1.2 2.1 8.8 26.5 31.0 6.2 2.4 1.7 87.7 
1943 1.5 1.3 1.3 1.3 1.1 1.4 8.2 16.0 13.0 3.9 2.6 1.4 53.0 
1944 1.3 1.2 1.1 .9 .9 1.3 2.3 27.5 41.5 9.6 2.5 1.7 91.8 
1945 1.4 1.3 1.3 1.1 1.0 1.1 1.8 18.5 21.5 6.9 3.0 1.9 60.8 
1946 1.6 1.5 1.3 1.2 1.0 1.7 8.9 20.0 11.4 3.7 2.1 1.3 55.7 
1947 1.4 1.1 .9 1.0 1.2 1.8 4.3 27.5 16.8 6.4 3.0 2.1 67.5 
1948 1.7 1.4 1.3 1.1 1.0 1.2 2.2 19.4 13.8 4.2 2.4 1.5 51.2 
1949 1.5 1.5 1.5 1.1 1.0 1.4 7.0 26.0 30.0 8.3 2.7 1.8 83.8 
1950 1.5 1.4 1.3 1.2 1.1 1.4 4.3 15.6 14.5 4.5 2.3 1.6 50.7 
1951 1.4 1.3 1.3 1.3 1.1 1.3 2.1 15.8 20.2 5.7 3.1 1.8 56.4 
1952 1.5 1.2 1.2 1.2 1.3 1.6 7.8 50.0 64.5 14.7 4.3 3.3 152.6 
1953 2.3 1.5 1.7 1.6 1.3 1.7 2.7 6.9 28.1 6.7 3.4 2.0 59.9 
1954 1.7 1.4 1.3 1.3 1.2 1.4 4.9 16.1 5.6 3.2 2.0 1.7 41.8 
1955 1.3 1.0 1.0 1.0 .9 1.1 1.7 11.3 12.9 4.6 3.2 1.7 41.7 
1956 1.3 1.1 1.3 1.2 1.1 1.6 2.9 18.4 12.7 4.1 2.3 1.5 49.5 
1957 1.3 1.0 1.0 1.0 .9 1.1 1.6 8.5 55.9 18.3 3.9 2.5 97.0 
1958 2.3 2.2 1.7 1.6 1.8 1.6 4.2 35.1 35.1 6.0 2.8 2.2 96.6 
1959 1.5 1.2 1.2 1.0 1.0 1.2 2.0 6.0 9.0 2.9 1.8 1.2 30.0 
Total 59.7 50.2 45.8 41.6 39.6 59.1 169.6 870.3 938.2 263.8 110.0 74.3 2722.2 
Mean 1.5 1.3 1.1 1.0 1.0 1.5 4.2 21.7 23.5 6.6 2.8 1.8 68.0 
^Modified flow of Seely Creek near Orangeville for 1937 to 1959 is the same as the historical 
flow, but for 1920 to 1936 it is the historical flow less the estimated diversion through the 
Ephraim and Spring City tunnels. 
^(60, Table 9, p. 18). 
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The water resources in Seely Creek are expressed as acre-feet. 
Water supply in Cottonwood Creek The water supply data 
included in the model for Cottonwood Creek represent the water supply 
originating downstream from the Joes Valley Damsite. A number of adjust­
ments had to be made to the Cottonwood Creek gaging station water data to 
get the desired data for Cottonwood Creek. These adjustments included: 
(1) estimating missing data, (2) adjustment for transmountain diversion, 
(3) adjustment for water at Joes Valley Damsite, Seely Creek modified 
water flow. 
The Cottonwood Creek Gaging Station near Orangeville is located near 
the diversion points of Mammoth and Great Western Canals. Thic is about 
two miles upstream from the proposed site of the Swasey Diversion Dam. 
Historical stream flow data exist for all years except 1927 through 1931. 
Data for the years 1928 to 1931 were estimated by correlation with 
Huntington Creek near Huntington. 
"Except for the Ephraim and Spring City Tunnels, the flows at this 
station (Cottonwood Creek near Orangeville) reflect the transmountain 
diversions to the San Pitch River over the entire period of study. The 
records for this station were modified by deducting the estimated 
divertable flow through these tunnels prior to their construction" (61, 
p. 19). These modified records are given in Table 47. 
To determine the water flow originating downstream from Joes Valley 
Damsite the modified stream flow for Cottonwood Creek, given in Table 47, 
must be adjusted for the modified stream flow of Seely Creek, given in 
Table 46. The conveyance efficiency of the channel between Joes Valley 
â b 
Table 47. Modified flow Cottonwood Creek near Orangevllle ' 
Year Oct. Nov. Dec. Jan. Feb. Mar. Apr, May June 
Units: 
July 
1,000 
Aug. 
1 acre 
Sept. 
feet 
Total 
1920 1.4 1.2 1.0 .7 .9 .9 1.1 29.5 38.3 8.4 4.7 1.7 89.8 
1921 1.6 1.1 1.2 1.1 1.0 1.6 2.6 17.7 61.2 18.5 6.5 4.2 118.3 
1922 3.5 2.7 2.2 1.8 1.9 3.2 4.4 25.3 42.7 15.6 10.9 2.3 116.5 
1923 1.7 1.6 1.7 1.8 1.5 3.0 3.6 25.3 36.5 18.2 4.2 2.6 101.7 
1924 2.2 2.0 1.5 1.3 1.1 1.4 3.7 18.0 8.7 3.0 1.4 1.4 45.7 
1925 1.1 .6 .6 .6 .8 1.4 4.7 19.7 9.4 4.4 2.4 1.8 47.5 
1925 1.4 .9 .9 .9 1.1 1.6 5.4 20.5 8.5 2.6 1.5 1.3 46.6 
1927 1.1 1.0 .7 .5 .6 1.9 3.9 21.5 16.9 7.4 4.5 3.3 63.3 
1928 1.5 1.4 1.0 1.0 1.0 1.8 3.8 30.9 17.4 7.1 2.3 1.5 70.7 
1929 1.6 1.2 1.0 1.0 1.0 2.0 1.9 20.6 28.3 9.9 3.9 3.5 75.9 
1930 2.0 1.6 1.3 1.1 1.1 2.1 5.6 13.4 12.5 4.7 3.1 2.0 5.0.5 
1931 2.2 1.4 1.2 1.1 1.0 1.6 2.9 8.1 6.8 2.9 1.3 1.1 31.6 
1932 1.0 1.0 1.1 .9 1.0 1.2 3.3 19.1 18.9 5.6 2.7 1.6 57.4 
1933 1.3 1.3 .9 .6 .5 1.0 1.8 6.6 28.9 8.6 3.9 1.6 57.0 
1934 .9 1.0 1.1 .9 .8 1.2 5.1 6.6 2.2 1.2 1.2 .7 22.9 
1935 .7 .8 .8 .8 .8 1.1 2.0 8.6 44.8 5.7 2.4 1.3 69.8 
1936 1.1 1.2 .9 .9 .9 1.1 5.3 36.5 18.0 6.4 3.8 2.0 78.1 
1937 1.5 1.6 1.2 1.0 1.0 1.4 3.5 29.8 16.6 6.6 3.0 2.5 69.7 
1938 1.6 1.2 1.2 1.2 1.1 1.5 5.0 23.7 22.5 4.4 2.7 2.0 68.1 
1939 1.5 1.5 1.2 1.1 .9 3.1 6.6 23.6 10.9 3.2 1.9 1.8 57.3 
1940 1.5 1.1 1.0 .9 .9 1.3 2.9 32.6 12.6 3.1 1.5 2.1 61.5 
1941 1.5 1.3 1.2 1.0 1.0 1.5 2.2 30.8 30.7 7.4 3.4 2.2 84.2 
1942 2.8 2.3 1.9 1.7 1.4 2.3 7.8 24.6 30.6 6.7 2.7 1.8 86.6 
1943 1.6 1.4 1.5 1.4 1.2 1.6 7.2 15.2 13.0 4.2 3.1 1.5 52.9 
1944 1.5 1.3 1.2 1.0 1.0 1.4 2.3 25.6 40.7 10.5 2.9 1.8 91.2 
1945 1.6 1.5 1.4 1.2 1.1 1.2 1.8 17.6 21.5 7.5 3.8 2.0 62.2 
1946 1.7 1.7 1.4 1.3 1.1 1.9 7.9 18.8 11.4 3.9 2.2 1.4 54.7 
1947 1.5 1.2 1.0 1.1 1.3 2.0 3.9 26.5 16.8 7.1 3.8 2.3 68.5 
1948 1.9 1.6 1.4 1.2 1.1 1.3 2.2 18.0 13.8 4.5 2.7 1.6 51.3 
1949 1.7 1.7 1.6 1.2 1.1 1.6 5.9 24.2 30.0 9.1 3.3 1.9 83.3 
1950 1.7 1.6 1.4 1.3 1.2 1.6 3.9 14.7 14.5 4.8 2.6 1.7 51.0 
1951 1.5 1.5 1.4 1.4 1.2 1.5 2.1 15.0 20.2 6.2 3.9 1.9 
57.8 
1952 1.7 1.3 1.3 1.3 1.6 1.8 6.6 47.7 63.7 16.2 5.8 3.7 152.7 
1953 2.5 1.7 1.8 1.7 1.6 1.9 2.6 6.9 27.9 7.3 4.1 2.1 
62.1 
1954 1.9 1.6 1.4 1.4 1.5 1.7 4.3 14.2 5.7 3.5 2.1 2.0 41.3 
1955 1.5 1.3 1.2 1.0 1.0 1.2 1.6 11.1 13.3 4.9 3.5 1.7 43.3 
1956 1.5 1.2 1.3 1.2 1.2 1.7 2.8 17.6 12.2 4.4 2.3 1.4 48.8 
1957 1.3 1.1 1.1 1.1 1.0 1.1 1.6 8.5 53.7 20.0 5.4 2.7 98.6 
1958 2.5 2.4 1.8 1.7 2.1 1.8 3.8 32.9 35.1 6.5 3.2 2.4 96.2 
1959 1.7 1.3 1.3 1.1 1.1 1.3 2.0 6.0 9.0 3.0 1.8 1.3 30.9 
Total 66.0 56.4 50.3 45.5 44.7 65.8 151.6 813.5 926.4 285.2 132.4 79.7 2717.5 
Mean 1.7 1.4 1.3 1.1 1.1 1.6 3.8 20.3 23.2 7.1 3.3 2.0 67.9 
Modified flow of Cottonwood Creek near Orangeville for 1937 to 1959 is the same as the 
historical flow, but for 1920 to 1936 it is the historical flow less the estimated diversion through 
the Ephraim and Spring City tunnels. 
b 
(61, Table 11, p. 21). 
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Damsite and the Cottonwood Creek Gaging Station is estimated to be 95 
percent. Consequently, if 95 percent of the modified stream flow of 
Seely Creek is subtracted from the modified stream flow of Cottonwood 
Creek the residual stream flow should represent the stream flow originating 
downstream from Joes Valley Reservoir. This residual stream flow is the 
Water Supply in Cottonwood Creek, Table 48. 
The negative numbers in Table 48 were considered to be zeros in the 
model. The negative water flow figures in Table 48 are mainly in months 
of high water flow in Seely Creek. Presumably the channel efficiency is 
less than 95 percent when water flow is large and consequently exceeds the 
capacity of the normal channel. 
The water flow data from Table 48 is used as the water supply for 
Cottonwood Creek. The 1920 data from Table 48 were used as Cottonwood 
Creek resource constraints in SUP 20 and are restated below: 
CCI 130 
CC2 140 
CC3 45 
CC4 55 
CC5 0 
CC6 965 
CC7 1,180 
CC8 1,375 
CC9 180 
CCIO 165 
CCll 155 
CC12 145 
Table 48. Water supply in Cottonwood 
Year Jan. Feb. Mar. Apr. May 
1920 1.30 1.40 0.45 0.55 -11.85 
1921 1.50 1.45 2.70 0.35 -2.55 
1922 1.85 2.85 4.45 -5.40 -6.35 
1923 1.85 2.65 4.35 -2.00 -6.35 
1924 1.60 1.50 2.60 -2.90 -2.40 
1925 1.25 1.35 2.60 -6.20 -7.25 
1926 1.40 1.50 2.70 -7.75 0.75 
1927 1.20 1.25 2.85 -2.80 -6.35 
1928 1.45 1.45 2.80 -2.85 -10.20 
1929 1.45 1.45 2.90 0.95 -3.95 
1930 1.50 1.50 2.95 -8.60 1.00 
1931 1.50 1.45 2.70 -0.45 3.10 
1932 1.40 1.45 1.55 -1.20 -3.75 
1933 1.25 1.20 1.45 0.90 3.30 
1934 1.40 1.35 1.55 -6.95 23.30 
1935 1.35 1.35 1.50 1.00 -15.70 
1936 1.40 1.40 1.50 -6.85 -27.35 
1937 1.45 1.45 1.65 -0.15 -10.75 
1938 1.55 1.50 2.65 -5.10 -5.25 
1939 1.50 1.40 4.40 -6.20 -5.30 
1940 1.40 1.40 1.60 0.50 -11.25 
1941 1.45 1.45 2.65 1.10 -10.25 
1942 2.75 2.60 3.05 -5.60 -5.75 
1943 1.65 1.55 2.70 -5.90 0.00 
1944 1.45 1.45 1.65 1.15 -5.25 
1945 1.55 1.50 1.55 0.90 0.25 
1946 1.60 1.50 2.85 -5.55 -2.80 
1947 1.50 1.60 2.90 -1.85 3.75 
1948 1.55 1.50 1.60 1.10 -4.30 
1949 1.55 1.50 2.70 -7.50 -5.00 
a 
Month Unit c 1,000 acre feet 
June July Aug. Sept. Oct. Nov. Dec 
9.65 11.80 13.75 1.80 1.65 1.55 1.45 
17.30 14.00 22.25 4.00 2.70 1.50 1.55 
11.85 23.00 27.30 3.05 4.60 4.20 3.00 
-0.74 16.70 11.60 3.20 2.75 2.70 2.75 
4.35 2.45 1.65 1.65 3.00 2.90 1.70 
4.70 5.05 2.15 1.85 1.50 1.25 1.25 
4.25 2.25 1.70 1.60 1.65 1.40 1.40 
8.45 10.35 11.75 4.50 1.50 1.45 1.30 
8.70 10.20 2.10 1.70 2.65 2.60 1.45 
11.30 14.45 9.55 5.55 2.70 1.55 1.45 
6.25 6.15 6.30 1.95 2.90 2.70 2.55 
3.40 2.40 1.60 1.50 3.00 2.60 1.55 
9.45 6.60 4.20 1.75 1.45 1.45 1.50 
12.55 11.90 9.55 1.75 1.60 2.55 1.40 
1.10 1.55 1.55 0.35 1.40 1.45 1.50 
12.90 7.60 3.10 1.60 1.30 1.35 1.35 
9.00 8.90 9.50 1.95 1.50 1.55 1.40 
8.30 8.05 5.30 3.15 1.70 2.70 1.55 
11.25 4.10 4.20 1.95 2.70 1.55 1.55 
5.45 2.55 0.95 1.85 1.70 2.65 1.55 
6.30 2.50 1.70 2.00 1.70 1.50 1.45 
10.60 9.40 8.35 3.00 1.70 1.60 1.55 
11.50 8.10 4.20 1.85 4.25 3.05 2.85 
6.50 4.95 6.30 1.70 1.75 1.65 2.65 
12.75 13.80 5.25 1.85 2.65 1.60 1.55 
10.75 9.45 9.50 1.95 2.70 2.65 1.65 
5.70 3.85 2.05 1.65 1.80 2.75 1.65 
8.40 10.20 9.50 3.05 1.70 1.55 1.45 
6.90 5.10 4.20 1.75 2.85 2.70 1.65 
15.00 12.15 7.35 1.90 2.75 2.75 1.75 
1950 1.60 1.55 2.70 •1.85 -1.20 7.25 5.25 4.15 1.80 2.75 2.70 1.65 
1951 1.65 1.55 2.65 1.05 -0.10 10.10 7.85 9.55 1.90 1.70 2.65 1.65 
1952 1.60 3.65 2.80 8.10 2.00 24.25 22.35 17.15 5.65 2.75 1.60 1.60 
1953 1.80 3.65 2.85 0.35 3.45 12.05 9.35 8.70 2.00 3.15 1.75 1.85 
1954 1.65 3.60 3.70 ••3.55 -10.95 3.80 4.60 2.00 3.85 2.85 2.70 1.65 
1955 0.50 1.45 1.55 "0.15 3.65 10.45 5.30 4.60 0.85 2.65 3.50 2.50 
1956 0.60 1.55 1.80 0.45 1.20 1.35 5.05 1.15 -0.25 2.65 1.55 0.65 
1957 1.50 1.45 0.55 0.80 4.25 5.95 26.15 16.95 3.25 0.65 1.50 1.50 
1958 1.80 3.90 2.80 "1.90 -4.45 17.55 8.00 5.40 3.10 3.15 3.10 1.85 
1959 1.50 1.50 1.60 1.00 3.00 4.50 2.45 0.90 1.60 2.75 1.60 1.60 
^The derivation of this table is discussed in the text, p. 185, 
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Water supply at the Huntington Headwaters The water in the 
Huntington Creek Watershed originates at the Huntington Headwaters. Water 
from the Huntington Headwaters is either stored in one of the six small 
reservoirs or flows down the Huntington Creek. The water flow data which 
are required for the model are data on the availability of water at the 
Huntington Headwaters. The natural flow of Huntington Creek can be used 
to represent the Huntington Headwaters under certain assumptions which will 
be given below. First, the historical data obtained from the Huntington 
Creek Gaging Station will be used to obtain the natural flow of Huntington 
Creek. There are missing data and the effect of storage in the six small 
reservoirs must be considered. 
The Huntington Creek Gaging Station is located about seven miles 
northwest of Huntington. Historical water flow data were kept for the 
entire 1920 to 1959 period except October to March and June to September 
1920, September to March of 1921 and June to September of 1930. The 
missing data were estimated by correlation with Cottonwood Creek near 
Orangeville. 
A minor transmountain diversion into the San Pitch River drainage has 
occurred throughout the 1920 to 1959 period. Consequently, correction for 
this diversion is not necessary since it is already reflected in the data 
from the gaging station. 
Table 49 contains data on the natural flow of Huntington Creek near 
Huntington. This table includes the historical flow of Huntington Creek, 
plus storage in six small reservoirs at the head of Huntington Canyon from 
November through June 15 minus releases from these reservoirs from June 15 
through September. 
Table 49. Natural flow Huntington Creek near Huntington^ 
Year Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June 
Unit 
July 
: 1, 
Aug. 
000 acre 
Sept. 
feet 
Total 
1920 1.6 2.2 1.9 2.2 2.1 2.0 2.8 38.5 27.4 7.0 5.5 3.2 96.4 
1921 2.7 3.0 1.7 1.9 2.2 4.0 5.9 42.5 45.6 9.3 7.5 4.3 130.6 
1922 3.9 3.4 2.7 3.0 2.7 3.6 5.2 35.4 32.9 8.6 5.1 2.3 108.8 
1923 1.1 2.0 3.1 3.3 2.8 3.4 5.5 34.2 19.6 9.1 2.7 2.8 89.6 
1924 2.9 2.8 2.8 2.5 1.9 2.0 5.1 13.3 5.3 2.1 1.2 2.4 44.3 
1925 2.0 2.3 1.8 1.9 1.8 2.5 7.0 14.6 6.8 3.9 2.9 2.1 49.6 
1926 2.1 2.0 2.5 2.5 2.1 2.9 8.9 22.7 8.8 3.6 1.1 1.1 60.3 
1927 2.0 1.9 2.1 2.3 2.1 2.4 4.6 26.4 16.1 4.4 3.0 4.4 71.7 
1928 2.2 2.4 1.9 1.9 1.8 2.6 6.1 37.3 13.6 5.2 .8 1.8 77.6 
1929 2.3 2.1 1.9 1.9 1.9 2.8 3.0 25.7 22.5 6.6 3.1 4.4 78.2 
1930 2.9 2.6 2.5 2.0 2.1 2.9 9.3 16.3 9.9 4.0 1.6 2.7 58.8 
1931 3.1 2.4 2.3 2.0 1.9 2.4 4.7 9.5 4.6 2.8 1.1 1.5 38.3 
1932 1.4 1.8 2.0 1.7 1.9 1.9 5.5 22.6 16.5 5.1 1.6 1.4 63.5 
1933 1.8 2.1 2.0 2.4 1.9 2.3 2.7 12.2 30.0 5.8 1.1 1.3 65.6 
1934 1.7 1.7 2.0 2.0 1.8 2.1 5.5 5.0 2.3 .5 .5 1.2 26.3 
1935 1.3 1.5 1.6 1.6 1.5 1.8 3.3 15.6 25.4 5.9 1.2 .9 61.6 
1936 1.4 1.6 1.6 1.4 1.8 2.1 9.0 39.6 16.6 4.4 1.9 2.2 83.6 
1937 2.1 1.8 1.7 1.6 1.7 1.9 4.5 33.3 14.1 4.5 3.0 1.8 72.0 
1938 2.6 1.9 2.2 2.1 1.8 2.2 7.9 23.1 16.4 5.4 1.5 1.4 68.5 
1939 2.0 2.2 2.2 2.1 1.8 2.8 8.7 15.1 8.2 3.8 1.2 1.3 51.4 
1940 1.8 1.6 1.5 1.4 1.5 1.9 4.9 26.5 9.1 3.7 .9 1.1 55.9 
1941 1.9 1.7 1.8 1.7 1.7 2.1 2.9 36.3 22.9 7.4 2.3 2.8 85.5 
1942 3.8 2.9 2.5 2.2 1.9 2.4 9.3 26.3 23.1 6.9 2.5 1.0 84.8 
1943 2.3 2.4 2.3 2.3 2.0 2.3 12.2 15.0 13.6 5.0 2.0 1.0 62.4 
1944 2.2 1.8 1.9 1.6 1.6 2.3 3.1 31.7 29.4 7.3 3.8 1.1 87.8 
1945 2.3 2.4 2.1 2.0 1.9 2.6 3.7 21.7 15.0 6.5 3.3 1.9 65.4 
1946 2.2 2.3 2.0 1.9 1.6 2.4 11.9 16.0 9.8 5.5 .7 1.2 57.5 
1947 2.6 2.3 2.2 2.0 2.0 2.7 6.5 26.0 12.1 6.5 2.7 1.0 68.6 
1948 2.4 2.6 2.7 2.4 2.1 2.3 3.7 16.4 7.7 4.2 .7 1.3 48.5 
1949 1.9 2.1 2.0 1.9 1.7 2.4 7.9 26.5 21.2 6.9 2.9 1.1 78.5 
1950 2.5 2.4 1.9 1.7 2.0 2.4 7.3 19.2 12.0 6.1 3.4 1.2 62 
1951 2.1 2.4 2.2 2.1 1.6 2.2 6.1 20.3 16.4 7.6 1.6 2.8 67 
1952 2.3 2.0 2.0 2.0 2.4 2.6 9.2 59.1 46.2 13.4 5.4 4.0 150 
1953 4.2 3.2 3.1 2.9 2.7 3.5 5.8 14.0 21.5 8.5 1.3 2.9 73 
1954 2.6 2.5 2.3 2.1 2.5 2.9 6.7 11.4 6.0 1.7 1.8 1.3 43 
1955 1.8 1.7 1.6 1.4 1.4 1.9 2.9 12.8 10.0 5.5 2.1 1.5 44 
1956 1.7 1.7 2.0 2.1 1.8 2.5 6.8 18.3 8.5 4.7 1.6 1.4 53 
1957 1.6 1.6 1.6 1.6 1.6 2.0 2.9 18.6 38.3 7.7 3.1 3.6 84 
1958 4.8 2.6 2.4 2.2 2.2 2.6 6.8 44.9 24.5 6.3 5.2 1.3 105 
1959 2.4 1.9 2.0 2.0 2.0 2.3 4.0 8.6 5.6 2.7 1.9 1.5 36 
Total 92.5 87.8 84.6 81.8 77.8 98.9 239.8 952.6 695.5 226.1 96.8 79.5 2813 
Mean 2.3 2.2 2.1 2.0 1.9 2.5 6.0 23.8 17.4 5.7 2.4 2.0 70 
Includes recorded flow plus storage in the six small reservoirs at the head of Huntington Canyon 
minus releases from the reservoirs. 
1 
4 
6 
6 
8 
6 
1 
2 
8 
9 
7 
3 
*(61, Table 13, p. 23). 
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The difference between the quantity of water at Huntington Headwaters 
and at Huntington Creek is the Huntington Creek Channel water loss between 
the two locations. By assuming that the conveyance efficiency of the 
channel is 100 percent the natural water flow at Huntington Headwaters is 
the same as the natural water flow at the Huntington Creek Gaging Station. 
Consequently, the water flow data in Table 49 were used as the resource 
restrictions for Huntington Headwaters in the program. For SUP 20, the 
resource constraints for Huntington Headwaters are as follows. 
HHl 2200 
HH2 2100 
HH3 2000 
HH4 2800 
HH5 38500 
HH6 27400 
HH7 7000 
HH8 5500 
HH9 3200 
HHIO 1600 
HHll 2200 
HHl 2 1900 
Water supply for inter-year water transfer The first year 
the project is in operation there is no initial stock of water in Joes 
Valley Reservoir (JR14), Huntington North Reservoir (NR14) or the Small 
Reservoirs (SR14). Since JR14, NR14 and SR14 are equal to zero for the 
first year of the project they are not listed in SUP 20, the right hand 
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side of the matrix for 1920. 
The water stored in Joes Valley Reservoir (JR13), Huntington North 
Reservoir (NR13) and the Small Reservoirs (SR13) after the first year of 
the project operation becomes an initial supply of water JR14, NR14 and 
SR14 in the second year of the project. However, this inter-year water 
transfer is performed by the computer after the model has been set up for 
the forty year period. Consequently, JR14, NR14 and SR14 are not listed 
in the right hand side of the linear program because they are zero for all 
years. 
The values for JR13, NR13 and SR13 are all zero and not listed 
because they are determined within the model. 
Water resources other than from Seely Creek, Cottonwood Creek, 
Huntington Headwaters or inter-year transfers Figure 5 
depicts the water in the Emery County Project originating in Seely Creek, 
Cottonwood Creek and at the Huntington Headwaters. In any given year of 
the project operation except the first water may also originate from the 
reservoirs. With the exception of these points of origin the initial 
levels of water resources at all other locations in all time periods is 
zero. 
Dam constraints There are three dams included in the model, 
specifically Joes Valley Dam, Huntington North Dam and the Small Dams. 
These dams are discussed briefly below and in more detail under the 
Columns section of the model. 
Joes Valley Dam The size and features of Joes Valley Dam 
determine the capacity and features of Joes Valley Reservoir. The Joes 
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Valley Dam constraint was specified as 50,000 acre feet which is the active 
capacity of Joes Valley Reservoir after 100 years of operation. In all 
years the Joes Valley Dam constraint is specified as follows. 
JDl 50,000 
JD2 " 
JD3 " 
JD4 " 
JD5 " 
JD6 " 
JD7 " 
JD8 " 
JD9 " 
JDIO " 
JDll " 
JD12 " 
Later in the report certain information about the physical features 
of Joes Valley Reservoir is needed, therefore the reservoir is discussed 
briefly below. 
Capacity of Joes Valley Reservoir Joes Valley Reservoir will 
be constructed to provide storage for sediment deposition, fish and wild­
life purposes and irrigation. The 100-year sediment volume is estimated 
at 8500 acre feet (61, p. 69). The Bureau of Sport Fisheries and Wildlife 
and the Utah State Department recommended an inactive storage pool at 
elevation 6910 feet above sea level (61, p. 69). This would give an initial 
minimum pool of 7870 acre-feet. The active capacity requirement for 
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irrigation use was specified at 50,000 acre-feet (61, p. 69). The 
capacities selected are summarized in Table 50, which shows proposed 
Joes Valley Reservoir elevation and storage capacities at the time of 
construction and after 100 years of sediment deposition, 
Huntington North Dam In the first year of project operation 
the dam constraint for May, ND5, is 4850 acre-feet. This 4850 acre-feet 
of capacity is composed of 3100 acre-feet active capacity and 1750 acre-
feet of nonactive capacity. For all months of all years, except ND5 in the 
first year of project operation, the active capacity of 3100 acre-feet is 
the constraint specified in the model for Huntington North Dam. The 
constraints for the first year of analysis are given below. 
NDl 3100 
ND2 tr 
ND3 II 
ND4 It 
ND5 4850 
ND6 tf 
SD7 ts 
ND8 ii 
ND9 It 
NDIO 3100 
NDll ti 
ND12 If 
ND13 If 
Small dams The six small dams collectively 
capacity of 13,900 acre-feet which was used as the constraint for the 
195 
Table 50. Joes Valley Reservoir elevation and storage capacities at the 
time of construction and after 100 years of sediment 
deposition* 
Reservoir capacity (acre-feet)^ 
Original After 100 years 
Incre- Incre-
Elevation Total mental Total mental 
Normal water surface 
Active storage 
6989.7 62,500 
54,630 
54,000 
50,000 
Minimum water surface 
Inactive storage 
6910 7,870 
6,750 
4,000 
4,000 
Outlet works elevation 
Dead storage 
6870 1,120 
1,120 
0 
0 
Streambed 6820 0 0 
*(61, Table 40, p. 68). 
In addition to the storage mentioned below in this table there is a 
surcharge storage of 19,100 acre-feet. 
model. 
SDl 13,900 
SD2 " 
SD3 " 
SD4 " 
SD5 " 
SD6 " 
SD7 " 
SD8 " 
SD9 " 
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SDIO " 
SBll " 
SD12 " 
SD13 " 
Land constraints The land constraints were arbitrarily set at 
100 for each of the land areas which are included in the model, namely 
Cottonwood Area (CA), Huntington Area 1 (HI), Huntington Area 2 (H2) and 
Huntington Area 3 (H3). The nature of the constraint will be apparent 
when the irrigation activities are explained. Meanwhile it is sufficient 
to know that 100 means that 100% of the land from a particular area of the 
project, e.g. H3, is being irrigated. 
Constraints associated with accounting rows 
Evaporation from reservoirs The accounting rows associated 
with activities representing water losses from Joes Valley Reservoir 
(JREVAPOR), and Huntington North Reservoir (NREVAPOR) are always set 
equal to 1.0 in the right hand side of the regional water allocation 
model. The model is always constrained by this water loss from the two 
reservoirs. In addition there are other water losses from these two 
reservoirs. These other water losses are described and taken into 
consideration in the activities which represent storage activities for 
the two reservoirs. 
Non-active capacity of Huntington North Reservoir The inactive 
water requirement for Huntington North Reservoir is met in the first year 
of the analysis. The accounting row, NRACC, associated with the activity 
which is included to meet the inactive-water requirement for the North 
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Reservoir. NRACC is 1.0 for the first year of the analysis and zero in 
subsequent years. 
Municipal water requirements The water requirements for farm 
and town domestic use are assumed to be constant throughout the life of the 
project. Consequently, the accounting rows associated with the activities 
to meet these domestic water requirements are constant in all years. Thus 
CDOMESTC, HDOMESTC, CAFAKM, HIFARM, H2FARM and H3FARM are specified as 1.0 
in the right hand side section of the model. 
Municipal water requirement The municipal water requirement 
for livestock and domestic use is constant throughout the life of the 
project. Consequently CDOMESTC and HDOMESTC are specified as 1.0 for each 
year in Appendix 1, Table 3. 
Irrigation requirements for domestic use The domestic 
irrigation requirements are constant throughout the life of the project. 
Therefore, the coefficient of 1.0 is given for CAP ARM, HIFARM, H2FARM and 
H3FARM. 
Columns section 
The columns section of the regional water allocation model consists 
of alternative means or activities for maximizing direct irrigation 
benefits from the water resources available in the two watersheds. There 
are two main types of activities, (a) activities associated with water 
availability and (b) activities associated with water requirements for 
different uses. The two sets of activities will be referred to as water 
supply activities and water demand activities. 
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Water supply The water related activities included in the model 
are to provide inter-temporal and/or inter-spatial transfers of water. 
The alternative inter-spatial water transfers which are possible for 
water in the Cottonwood Creek Watershed and for water in the Huntington 
Creek Watershed can be seen in Figure 5, "Water flow diagram for Emery 
County Project", and are listed in Table 51. These inter-spatial water 
transfers are identified by the month in which the transfer occurred and 
are included in the model as water transfer activities. The alternative 
water transfer activities for water originating in the Cottonwood Creek 
Watershed are discussed below, followed by the comparable activities for 
the Huntington Creek Watershed. 
SCJR water transfer activities Joes Valley Dam (JD) is 
located on Seely Creek (SC) and creates Joes Valley Reservoir (JR). The 
following activity, SCJRl, consists of one acre foot of water in Seely 
Creek in January being stored as one acre foot of water in Joes Valley 
Reservoir: 
SCI 1.0 
JRl -1.0 
JDl 1.0 
There is a constraint on the dam size consequently one unit of the 
activity also requires one acre foot of the dam capacity. 
There are comparable activities to facilitate water storage in Joes 
Valley Reservoir in other months of the year. 
The model was constructed such that, if the dam constraint permitted, 
water was stored in the dam rather than being allowed to flow into the 
Cottonwood Creek. Water required for downstream uses would be released 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
Interlocational water transfer alternatives for the Emery County project 
Name of Unit of 
set of account 
activities 
Conveyance 
efficiency 
(present) Origin 
Transfer 
Destination 
SCJR Acre-foot 
at point 
of origin 
100 Seely Creek Joes Valley Reservoir 
JRJR I I  
95a 
Joes Valley Reservoir Joes Valley Reservoir 
JRCC I I  Joes Valley Reservoir Cottonwood Creek 
SCCC I I  95 Seely Creek I I  I I  
COCA I I  85 Cottonwood Creek Cottonwood Area 
CCCA^ I I  78.4 Cottonwood Creek I I  I I  
CCHA I I  90 Cottonwood Creek Huntington Area 
HHHC I I  100 Huntington Headwaters Huntington Creek 
HHSR I t  100 Huntington Headwaters Small Reservoirs 
SRSR I I  100 Small Reservoir Small Reservoir 
SRHC I I  100 Small Reservoir Huntington Creek 
HCHl I I  83 Huntington Creek Huntington Area 1 
Hcur I I  78.3 Huntington Creek I I  I I  I I  
HGH2 I I  83 Huntington Creek I I  I I  2 
HCH21 i r  78.3 Huntington Creek I I  I I  I I  
HCH3 I I  83 Huntington Creek I I  I I  3  
HCH3I I I  78.3 Huntington Creek I I  I I  I I  
HCNR I I  100 Huntington Creek Huntington North Res. 
NRNR I I  100* Huntington North Res. I I  I I  I I  
NRH3 I I  83 Huntington North Res. Huntington Area 3 
HAH2 I I  83 Huntington Area I I  I t  2 
HAH3 I I  83 Huntington Area I I  I I  0 
/ '  
HANR I I  100 Huntington Area Huntington North Re#. 
transformation requires additional explanation which is given when the activity is 
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from Joes Valley Reservoir. This feature of the model was accomplished 
through the water storage activities for Joes Valley Reservoir, JRJR, 
which are discussed below. 
JRJR water transfers The primary function of these inter-
month water transfers is to facilitate water storage from one month to the 
next in Joes Valley Reservoir. A second function of these activities is 
related to the initial storage of water in Joes Valley Reservoir and will 
be discussed in detail below. 
The inter-month water transfer activity JRJRl transfers water in 
Joes Valley Reservoir from January to February: 
OBJ 0.00010 
JRl 1.00000 
JR2 -0.99987 
JD2 0.99987 
The entry in the objective function of 0.0001 will cause the activity 
to enter the solution of the program. One acre foot of water in Joes 
Valley Reservoir in January (JRl) supplies only 0.99987 acre feet of water 
in Joes Valley Reservoir in February because there is an evaporation loss. 
One unit of the activity also requires 0.99987 acre feet of Joes Valley 
Dam capacity in February. 
There are similar inter-month water transfer activities for water in 
Joes Valley Reservoir for other months. The derivation of the coefficients 
which are based on water loss due to evaporation is given below. The 
coefficients are reported in Table 54. 
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Water evaporation losses from Joes Valley Reservoir For the 
purposes of this study Joes Valley Reservoir shall be considered to have 
an active capacity of 50,000 acre feet and an inactive capacity of 12,500 
acre feet which is composed of 1120 acre feet deadwater, 6750 acre feet of 
inactive storage and 4630 acre feet of active storage. The 50,000 acre feet 
is the active reservoir capacity after 100 years. Table 50. The 12,500 
acre feet inactive capacity is the original total reservoir capacity, 
62,500 acre feet, minus the active capacity, 50,000 acre feet. Table 50. 
There is consequently water evaporation associated with (a) the constant 
level of inactive water and (b) the varying level of active water. 
The water loss due to evaporation associated with the inactive water 
in Joes Valley Reservoir will be treated as a constant in the model. The 
original surface area of Joes Valley Reservoir is 403 acres when the 
active capacity is 12,500 acre feet. Table 52. The evaporation 
coefficients for Joes Valley Reservoir given in Table 53 show the average 
monthly evaporation in feet. The total water loss due to evaporation 
associated with the inactive water in Joes Valley Reservoir is included in 
the model as activity JREVAP and is calculated by multiplying the monthly 
evaporation coefficient for Joes Valley Reservoir, Table 53, by the number 
of acres of surface area, namely 403 acres. The activity JREVAP is stated 
below. 
JRl 4.03 
JR2 4.03 
JR3 32.24 
JR4 80.60 
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Table 52. Capacity and surface area of Joes Valley Reservoir^ 
Contour elevation Capacity Area Capacity Area 
(feet) (ac. ft.) (acres) (ac. ft.) (acres) 
6820 0 0 
6830 9 3 
6840 57 9 
6850 206 23 
6860 529 40 
6866.5 0 0 
6870 1,120 77 40 13 
6880 2,071 116 334 48 
6890 3,436 162 1,103 93 
6900 5,334 221 2,214 151 
6905 6,517 253 
6910 7,871 288 4,042 217 
6915 9,418 330 
6920 11,177 374 6,633 302 
12,500 403^ 
6925 13,154 417 
6930 15,355 464 10,103 393 
6935 17,791 511 
6940 20,477 563 14,526 494 
6945 23,412 611 
6950 26,599 664 19,973 598 
6955 30,044 714 
6960 33,756 771 26,501 711 
6965 37,754 828 
6970 42,055 892 34,226 837 
6975 46,708 969 
6980 51,739 1,043 43,436 1,004 
6985 57,133 1,114 
6989.7 54,005 1,160 
6990 62,848 1,172 
6995 68,877 1,240 
^hese data were taken from (2 p. 64). 
^Estimated by interpolation. 
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Table 53. Estimated evaporation coefficients for Joes Valley Reservoir 
and Huntington North Reservoir 
Month 
Average evaporation in 
Joes Valley Reservoir 
feet per unit of surface area 
Huntington North Reservoir 
January 0.01 0.01 
February 0.01 0.01 
March 0.08 0.10 
April 0.20 0.25 
May 0.40 0.49 
June 0.51 0.63 
July 0.51 0.63 
August 0.45 0.56 
September 0.39 0.48 
October 0.24 0.30 
November 0.10 0.12 
December 0.01 0.01 
^Since there are no evaporation stations located in the vicinity of 
the Emery County Project these evaporation data are estimated from 
evaporation data obtained at stations which have similar characteristics 
to those in Emery County (61, pp. 58-59). 
JR5 161.20 
JR6 205.53 
JR7 205.53 
JR8 181.35 
JR9 157.17 
JRIO 96.72 
JRli 40.30 
JR12 4.03 
JREVAPOR 1.00 
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The activity JREVAP replenishes the water which is lost due to 
evaporation and insures that the inactive water in Joes Valley Reservoir 
is maintained at a level of 12,500 acre feet. The model will overstate the 
water loss from evaporation associated with the inactive water due to two 
reasons. First, as the project operates the amount of inactive water 
will be reduced such that after one hundred years the inactive water will 
only be about 4000 acre feet when the active capacity is 50,000 acre feet. 
Table 50. Secondly the surface area required for the inactive water will 
decrease after the project has been in operation for some years (Table 52). 
In Table 50 evaporation coefficients at Joes Valley Reservoir are 
expressed as a function of surface area, for example per acre foot of 
surface area in the reservoir. However, in the linear programming model 
the active capacity of Joes Valley Reservoir is expressed in terms of 
quantity, acre feet of water. Consequently, the water evaporation 
coefficient desired is one that would express water loss due to evaporation 
of active water as a linear function of the quantity of active water in 
Joes Valley Reservoir. The required water evaporation coefficients are 
given in Table 54. 
JRCC water transfers Water may be released from Joes Valley 
Reservoir to meet downstream water requirements. As an example of the 
twelve Joes Valley Reservoir to Cottonwood Creek water transfer activities 
JRCC7 is an activity which transfers water from Joes Valley Reservoir to 
Cottonwood Creek in July. The activity JRCC7 is given below. 
JR7 1.0000 
CC7 -0.9500 
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Table 54. Estimated evaporation coefficients for Joes Valley Reservoir 
active capacity 
Average Acres of Average Inter-month 
evaporation surface area evaporation water 
in feet per per acre- feet per transfer 
acre of ^ foot active acre-foot ^ coeffi^ 
Month surface area capacity active capacity cients 
January 0.01 0.0133 0.000133 0.999867 
February 0.01 0.0133 0.000133 0.999867 
March 0.08 0.0133 0.001064 0.998936 
April 0.20 0.0133 0.00266 0.997340 
May 0.40 0.0133 0.00532 0.994680 
June 0.51 0.0133 0.006783 0.993217 
July 0.51 0.0133 0.006783 0.993217 
August 0.45 0.0133 0.005985 0.994015 
September 0.39 0.0133 0.005187 0.994813 
October 0.24 0.0133 0.003192 0.996808 
November 0.10 0.0133 0.00133 0.998670 
December 0.01 0.0133 0.000133 0.999867 
^hese data are taken directly from Table 53. 
°This coefficient was obtained as described below. 
^This column is the product of column 1 and column 2. 
^This column is 1.0 minus the corresponding ro% entry in column 3, 
One acre foot of water released from Joes Valley Reservoir supplies 0.95 
acre feet of water to Cottonwood Creek. There is a water loss of 0.05 acre 
feet of water due to evaporation and deep percolation which occurs during 
the transfer from Joes Valley Reservoir to the diversion points of existing 
canals in the Cottonwood Area. 
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SCCC water transfers When the Joes Valley Dam constraint 
restricts additional water from being stored in Joes Valley Reservoir the 
surplus water is spilled over the dam and flows into Cottonwood Creek. 
SCCC5 is a water transfer activity which transfers water from Seely Creek 
to Cottonwood Creek in May. The activity SCCC5 is represented as follows. 
SC5 1.0000 
CC5 -0.9500 
One acre foot of water from Seely Creek supplies 0.9500 acre feet of water 
in Cottonwood Creek. Again there is a five percent water loss which occurs 
during the transfer from the point on Seely Creek where Joes Valley 
Reservoir is located to the diversion points of existing canals in the 
Cottonwood Area. 
CCCA water transfers This set of water transfer activities 
makes water available from the diversion points of existing canals on the 
Cottonwood Creek to farm laterals in the Cottonwood Area. 
Individual canals leading from Cottonwood Creek have not been identified 
in this analysis. Instead the existing canals are considered as a unit 
which has a conveyance efficiency of 85 percent. 
There is one water transfer activity for each month. As an example, 
the activity CCCAIO transfers water from Cottonwood Creek to farm laterals 
in the Cottonwood Area in October. 
CCIO 1.0000 
CAIO -0.8500 
CCCA^ water transfers These water transfer activities make 
water available from the diversion points of existing canals on the 
Cottonwood Creek to farm laterals in the Cottonwood Area. The difference 
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between this set of activities, CCCA^, and the previously described set of 
activities, CCCA, is that water delivered to the farm is stored in the soil 
for one month before being used by plants. As a result of the water being 
stored in the soil there may be more water loss due to deep percolation, 
evaporation from the soil or additional runoff. Consequently, the 
conveyance efficiency is reduced from 85 percent to 78.4 percent. 
One activity of this set of water transfer activities is CC4CÂ5 which 
is the transfer of water from the diversion points on Cottonwood Creek to 
farm laterals in the Cottonwood Area. 
OBJ -0.0100 
CC4 1.0000 
CA5 -0.7840 
The entry in the objective function row, OBJ, prevents the activity 
from coming into the solution inadvertently. For exançle, if there were 
no entry in the objective function row and there was surplus water available 
then this activity may enter because it is just as efficient in terms of 
resource allocation, water use, as the activity CCCA5. 
One acre foot of water in Cottonwood Creek in April is necessary to 
provide 0.78 acre feet of water to the farm in Hay. 
There are only six of these water transfer activities included in 
the model. 
CCHA water transfers Water from Cottonwood Creek (CC) can be 
transferred to the Huntington Watershed (HA) through the Cottonwood Creek-
Huntington Canal. The conveyance efficiency of this canal is 90 percent. 
It is assumed that water can be transferred from Cottonwood Creek to the 
Huntington Watershed any month of the year, hence there are twelve of 
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these water transfer activities. One of these water transfer activities is 
CCHÂ8 which transfers water from Cottonwood Creek to the Huntington Water­
shed during August. 
CCS 1.0000 
HAS -0.9000 
HHHC water transfer activities Water at the Headwaters of 
Huntington Creek may be stored in small reservoirs where they exist or flow 
into Huntington Creek. This set of activities assumes that the water flows 
into Huntington Creek. An example of this set of water transfer activities 
is HHHC5 which causes one acre foot of water at Huntington Headwaters in 
May to become one acre foot in Huntington Creek. 
HH5 1.0000 
HC5 -1.0000 
There is no channel loss, the conveyance efficiency is 100 percent, 
between the Huntington Headwaters and the canal diversion points on 
Huntington Creek. The channel efficiency is 100 percent because the data 
on water supply at the Huntington Headwaters is actually the data obtained 
at the Huntington Creek Gaging Station. For a more detailed information 
see the discussion in the Rhs section entitled Water Supply at Huntington 
Headwaters. 
HHSR water transfer The Bureau of Reclamation assumed that 
the small dams were located such that thirty percent of water in the 
Huntington Creek Watershed could be stored in them if capacity did not 
become a constraint. The HHSR water transfer activities are included for 
all months. 
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The activity HHSR5 is given below 
HH5 1.0000 
SR5 -0.3000 
SD5 0.3000 
HC5 -0.7000 
One unit of HHSR5 requires once acre foot of water at Huntington Headwaters 
in May and yields 0.3 acre feet in the small reservoirs in May and 0.7 acre 
feet of water in Huntington Creek in May. 
The reason why both the HHSR and HHHc sets of water transfer activities 
need to be included in the model is that if only the former set were 
included and the Small Dams became restrictive, then the solution for the 
particular year would be infeasible. For example, in May of 1952 the 
quantity of water at Huntington Headwaters was 59,100 acre feet. If only 
the activity HHSR5 were permitted in the model then the solution would be 
infeasible because the amount of water requiring storage in the small 
reservoirs, (0.3) 59,100 = 17,730, would exceed the storage capacity of 
the small reservoirs, 13,900 acre feet. 
If the water is not required for downstream uses and there is storage 
capacity available in the small reservoirs, then the HHSR activities are 
included in the solution rather than the HHHC activities. In this situation 
the HHSR activities are preferred to the HHHC activities because the inter-
month water transfer activities SRSR impute a positive value to water 
stored in the small reservoirs. 
reservoirs in any given month is not required and released for downstream 
uses, then the water is stored over to the subsequent month. SRSR5 is an 
SRSR water transfer activities If water stored in the small 
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activity which transfers one acre foot of water from storage in May to one 
acre foot of water in storage in June. 
OBJ 0.0001 
SR5 1.0000 
SR6 -1.0000 
SD6 1.0000 
One acre foot of storage space behind the small dams is required for 
each unit of the activity consequently SD6 is set at 1.0. The entry in the 
objective function row will cause the activity to come into the solution 
and hence the water to be stored rather than released downstream. 
No water loss due to evaporation is assumed for the small dams 
because the active capacity is specified taking these water losses into 
consideration. 
SRHC water transfer activities This set of activities 
releases water from the small reservoirs into Huntington Creek. An 
exanrole of this set of activities is SRHCIO which 
SRIO 1.0 
HCIO -1.0 
requires one acre foot of water from the small reservoirs in October to 
provide one acre foot of water in Huntington Creek in October. No water 
loss from evaporation or deep percolation occurs during transfer in the 
stream channels. 
Nowhere in the Bureau's analysis of the small dams was water loss 
due to evaporation mentioned, consequently it is assumed that these losses 
have been considered when the active capacity of the six small dams was 
specified. 
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HCHl water transfer activities This set of activities makes 
water available from the diversion point of existing canals on the 
Huntington Creek to farm laterals in the area of the project designated 
Huntington Area 1. Huntington Area 1 can receive irrigation water only 
from Huntington Creek. The activity HCH16 is: 
HC6 1.0000 
H16 -0.8300 
One unit of the activity requires acre foot of water at the canal diversion 
points and supplies 0.83 acre feet of water at the farm laterals in 
Huntington Area 1. There is a 17 percent water loss due to seepage and 
evaporation in the project canals in the Huntington Area. 
Similar water transfer activities exist for other months of the year. 
HCHl^ water transfer activities These water transfer 
activities make water available from the diversion points of existing 
canals on the Huntington Creek to farm laterals in the area of the project 
designated Huntington Area 1. The activity HC5H16 is: 
OBJ -0.0100 
HC5 1.0000 
H16 -0.7830 
One unit of this activity requires one acre foot of water in Huntington 
Creek in May to provide 0.7830 acre feet of water at the farm lateral in 
Huntington Area i in June. The water would be delivered to the farm 
lateral and applied to the fields in May and then stored in the soil 
until used by plants in June. As a result of the water being stored in 
the soil for a month there may be more water loss, hence the conveyance 
efficiency is reduced from 83 percent to 78.3 percent. 
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There are six of these inter-month water transfer activities included 
in the model. 
The entry in the objective function row, OBJ, prevents the activity 
from coming into the solution inadvertently. For example, if there were 
surplus water in the project and there were no entry in the objective 
function then HC5H16 may enter the solution because it is just as efficient 
in terms of resource allocation, water use, as the activity HCH16. 
HCH2 water transfer activities These twelve water activities 
are analogous to the set of water activities HCHl except the water is 
delivered to farm laterals in Huntington Area 2. 
HCH2^ water transfer activities These water transfer 
activities are analogous to the set of water transfer activities HCHl^ 
except the water is delivered to farm laterals in Huntington Area 2. 
HCH3 water transfer activities These twelve water transfer 
activities are analogous to the set of water activities HCHl except the 
water is delivered to farm laterals in Huntington Area 3. 
HCH3^ water transfer activities These water transfer 
activities are analogous to the set of water transfer activities HCHl^ 
except the water is delivered to farm laterals in Huntington Area 3. 
HCNR water transfer activities Water from Huntington Creek 
may be stored in the Huntington North Reservoir. HCNR5 is an activity 
which requires one acre foot of water from Huntington Creek in May and 
supplies one acre foot of water to the North Reservoir in May. The 
activity HCNR5 is stated as follows. 
HC5 1.0000 
NR5 -1.0000 
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ND5 1.0000 
The amount of water that can be stored in the Huntington North Reservoir 
is constrained by North Huntington Dam. Consequently, one acre foot of 
the dam storage is required for one unit of the activity. Water from 
Huntington Creek may be stored in Huntington North Reservoir anytime 
during the year, consequently there are twelve water transfer activities 
in this set. 
NRNR water transfer activities Water in North Huntington 
Reservoir may be required for downstream uses or stored in the reservoir. 
Inter-month water transfer activities exist for each month. One of these 
activities is NRNR5 which is given below. 
OBJ 0.0001 
NR5 1.0000 
NR6 -1.0000 
ND6 1.0000 
One acre foot of water in the North Huntington Reservoir in May is required 
to supply one acre foot of water in the reservoir in June. One acre foot 
of the storage capacity is required for one unit of the activity, thus ND6 
is 1.0. 
The entry in the objective function row, OBJ, causes the activity to 
come into the solution. Thus if there are no downstream water requirements 
the water is stored in Huntington North Reservoir rather than running into 
the San Rafael River. 
NRH3 water transfer activity Water from the North Huntington 
Reservoir may be used in Huntington Area 3. NRH310 is an activity which 
requires one acre foot of water from the North Huntington Reservoir in 
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October and supplies 0.83 acre feet of water to Huntington Area 3 in 
October. Activity NRH310 is stated below. 
NRIO 1.0000 
H310 -0.8300 
This set of water transfer activities includes one activity for 
each month of the year. 
HAH2 water transfer activities Water from the Cottonwood 
Creek Watershed which is conveyed to the Huntington Creek Watershed 
through the Cottonwood Creek-Huntington Canal is specified as being 
water in the Huntington Area. This water in the Huntington Area may be 
used in Huntington Area 2 (HAH2), Huntington Area 3 (HAH3) or stored in 
Huntington North Reservoir (HANR). 
One acre foot of water from the Huntington Area in June can supply 
0.83 acre feet of water to fara laterals in Huntington Area 2 in June. 
The activity for this water transfer is HAH26 and is stated below. 
HA6 1.0000 
H26 -0.8300 
Seventeen percent of the water entering the canal system in the Huntington 
Area is lost before the water reaches the farm laterals. There are 
comparable activities for the other eleven months of the year. 
HAH3 water transfer activities Water from the Huntington 
Area may be used in Huntington Area 3. The activity HAH311 requires one 
acre foot of water from the Huntington Area in November and supplies 0.83 
acre feet of water to Huntington Area 3 in November. This activity is 
stated below. 
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HAll I.0000 
H311 0.8300 
The seventeen percent water loss is the standard conveyance efficiency for 
canals in the Huntington Creek Watershed. 
HANR water transfer activities Water in the Huntington Area 
may be stored in Huntington North Reservoir anytime during the year. 
Consequently there are twelve activities which perform this water transfer. 
One of these water transfer activities is HANR5 which requires one acre 
foot of water from the Huntington Area in May and supplies one acre foot 
of water to the Huntington North Reservoir in May. The activity HANR5 
is shown below. 
HAS 1.0000 
NR5 -1.0000 
ND5 1.0000 
One unit of the activity requires one acre foot of storage capacity behind 
the Huntington North Dam. 
Water which is not required for use in either the Cottonwood Creek 
Watershed or the Huntington Creek Watershed and cannot be stored in Joes 
Valley Reservoir, the Small Reservoirs or North Huntington Reservoir will 
flow into the San Rafael River. The activities which thus dispose of the 
water from the Cottonwood Creek and Huntington Creek are discussed below. 
SPCC water transfer activities These water transfer 
activities dispose of excess water from Cottonwood Creek by letting it run 
into the San Rafael River. SPCCl, for example, requires one acre foot of 
water from Cottonwood Creek and implicitly supplies one acre foot of water 
to the San Rafael River. This activity consists of one row, specifically 
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CCI 1.00 
SPHC water transfer activities The excess water from 
Huntington Creek flows into the San Rafael River. SPHCll requires one 
acre foot of water in Huntington Creek in November and implicitly supplies 
one acre foot of water to the San Rafael River in November. 
STORESR water accounting activity This accounting activity 
states the quantity of water stored in the Small Reservoir at the end of 
the year. The activity STORESR is stated below. 
OBJ 0.0020 
SR13 1.0000 
This activity is essentially a water selling activity where every 
acre foot of water stored in the small reservoirs is sold to the project 
for the next year at a price of 0.0020 units in the objective function row. 
STORENR water accounting activity This accounting activity 
states the quantity of water stored in the North Huntington Reservoir at 
the end of the year. This activity is essentially a water selling activity 
where every acre foot of water stored in North Huntington Reservoir at the 
end of the year is sold to the project for the next year at a price of 
0.0010 units in the objective function row. The activity STORENR is 
stated below. 
OBJ 0.0010 
NR13 1.0000 
Other things being equal, if there were a choice between storing water 
from the Huntington Watershed in the small reservoirs or in the Huntington 
North Reservoir the water should be stored in the small reservoirs because 
water stored there can be used in Huntington Areas 1, 2 and 3 whereas water 
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stored in the Huntington North Reservoir can be used only in Huntington 
Area 3. This preference in water storage is realized in the model by 
having a higher price, value in the objective function row OBJ, in STORESR 
than in STORENR. 
STOREJR water accounting activity This accounting activity 
states the quantity of water stored in Joes Valley Reservoir at the end 
of the year. The activity STOREJR is stated below. 
OBJ 0.0010 
JR13 1.0000 
STOREJR is essentially a water selling activity where every acre foot 
of water stored in Joes Valley Reservoir is sold to the project for the 
next year at a price of 0.0010 units in the objective function row. 
MJR14 water transfer activity The water stored in Joes 
Valley Reservoir from the previous year appears in the model as JR14. The 
activity MJR14 takes this pre-January water supply in Joes Valley Reservoir 
and converts it into water stored in Joes Valley Reservoir in January. 
JR14 I.0000 
JRl -1.0000 
JDl 1.0000 
MJR14 given above requires one acre foot of pre-January water in Joes 
Valley Reservoir, JR14, to supply one acre foot of water in Joes Valley 
Reservoir in January. Each unit of the activity also requires one acre 
foot of storage capacity of Joes Valley Dam. 
MSR14 water transfer activity The water stored in the small 
reservoirs from the previous year appears in the model as SR14. The 
activity MSR14 takes one acre foot of the water stored in the small 
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reservoirs from the previous year and converts it into water stored in the 
small reservoirs in January. 
SR14 1.0000 
SRI -1.0000 
SDl 1.0000 
One acre foot of storage space behind the small dams is required for each 
unit of the activity. 
MNR14 water transfer activity The water stored in North 
Huntington Reservoir from the previous year appears in the model as NR14. 
The activity MNR14 converts one acre foot of NR14 into one acre foot of 
NRl. MNR14 is given below. 
NR14 1.0000 
NRl -1.0000 
NDl 1.0000 
For each unit of the activity one acre of North Huntington Dam storage 
facility is required. 
These water supply activities represent an attempt to accurately and 
comprehensively state the alternatives for water transfers in the Emery 
County Project. Combined with the water requirements activities developed 
in Chapter 10, these activities form the water allocation model used in 
this study. 
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CHAPTER TEN. WATER DEMAND 
Introduction 
The water uses considered in this project consist of domestic and 
municipal use, irrigation, electrical power, recreation and fish and 
wildlife. The discussion on the way in which these uses were 
incorporated into the water allocation model will be the point of major 
importance of this chapter. However, some of the implications and 
problems associated with determining benefits from various uses will also 
be of significant importance. 
The procedure will be to systematically list and discuss the 
various uses of water including uses which may not be relevant here but 
may be incorporated into a water allocation model such as the one used 
in this study. 
Domestic, municipal and industrial water requirements 
The official definition and standard for measurement of benefits 
from water in this use is as follows: 
"Improvements in quantity, dependability, quality, and 
physical convenience of water use. The amount of water 
users should be willing to pay for such improvements in 
lieu of foregoing them affords an appropriate measure of 
this value. In practice, however, the measure of the 
benefit will be approximated by the cost of achieving 
the same results by the most likely alternative means 
that would be utilized in the absence of the project. 
Where such an alternative source is not available or 
would not be economically feasible, the benefits may 
be valued on such basis as the value of water to users 
or the average cost of raw water (for comparable units 
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of dependable yield) from municipal or industrial water 
supply projects planned or recently constructed in the 
general region" (59). 
the regional water allocation model was constructed so that adequate 
water for this use was included at the same level under all alternative 
project development plans. Consequently the benefits from this use are 
the same with and without project development and are not analyzed as 
part of the benefits in Chapter 12. 
There were two types of water uses distinguished in this study 
which fall into the category domestic, municipal and industrial water 
supply benefits. The first type of water use is for irrigation in towns 
and irrigation on farm yards. The second type of water use is for 
municipal water supply. Whenever water for irrigation is referred to 
in subsequent discussion it will exclude water for irrigation in farm 
building sites and towns. 
water requirements for irrigation in towns and farm sites Land 
located in towns which have irrigation rights is classified 4H. The 
amount of 4H land in the Cottonwood Area, Huntington Area 1, Huntington 
Area 2 and Huntington Area 3 is given in Table 55. 
Five percent of the irrigable farm land excluding the permanent 
irrigated pasture composes the building sites in the farm models. This 
irrigable land in farm yards will be irrigated. The land in farm sites 
and the land in towns which has irrigation rights are assumed to receive 
the "nonproject" supply of water which is 1.2524 acre feet per year. 
Table 55. Farm site and town irrigation water requirements 
Cottonwood Huntington Huntington Huntington Huntington 
Area Area Area 1 Area 2 Area 3 
Land classes (CA) (HA) (HI) (H2) (H3) 
Irrigable 
land classes 
1, 2 and 3® 
4,852 13,131 6,668 3,874 2,589 
Irrigable 
land classes 
1, 2, 3 in 
farm sites 
242.6 656.55 333.4 193.7 129.45 
Land class 
4H 
309.0 483.0 130.0 353.0 0.0 
Farm site 
plus 4H 
551.6 1,139.55 463.4 546.7 129.45 
^Irrigable land is composed of land classes 1, 2, 3 and 6W. Land class 6W is the only non-
cultivated land class and is used for permanent pasture. These figures do not include land in 
class 4H which may technically be land class 1 or 2 or 3 but is located inside town boundaries. 
'^Five percent of the irrigable land in classes 1, 2 and 3 which is used for farming is used 
for building sites. Consequently this row is five percent of the first row. 
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The annual water requirement is stated in terms of monthly distribution 
of water requirements for farm domestic use and city irrigation in Table 
55. The monthly distribution in terms of percent is based upon the water 
requirements calculated by the Bureau of Reclamation (61, Table 3, p. 5). 
In the water allocation model the activity defining water requirements 
for the Cottonwood Watershed is FASMCA. 
CA4 28.39 
CA5 104.45 
CA6 141.96 
CA7 152.40 
CA8 127.80 
CA9 105.28 
CAIO 30.53 
CAFARM 1.00 
The water requirements in the Cottonwood Area required for this use 
are specified in Table 56. One unit of the activity is required, 
consequently CAFARM is set at 1.0 units. 
The activities defining water requirements for irrigation in towns 
and farm sites for Huntington Area 1, Huntington Area 2 and Huntington Area 
3 are defined in a comparable manner. 
Municipal water requirements 
Municipal water requirements for the Cottonwood Area The 
bypass requirement for the Cottonwood Area for domestic and livestock 
water is 10 c.f.s. (61, p. 60). This domestic water requirement in acre 
feet is given in Table 57. The municipal water requirement for domestic 
and livestock water exists only for November, December, January, February, 
March and half of April and October according to the tables depicting the 
operation of the Joes Valley Reservoir in the Bureau of Reclamation Report 
(61, p. 89-112). 
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Table 56. Monthly distribution of water requirements for farm domestic 
irrigation and city irrigation classified by irrigation 
area® 
Month Percent CA^ Hl^ H2^ H3® 
April 4.11 28.39 23.85 28.14 6.66 
May 15.12 104.45 87.75 103.52 24.51 
June 20.55 141.96 119.26 140.70 33.32 
July 22.06 152.40 128.03 151.04 35.76 
August 18.50 127.80 107.37 126.67 29.99 
September 15.24 105.28 88.45 104.35 24.71 
October 4.42 30.53 25.65 30.26 7.17 
Total 100.00 690.82 580.36 684.68 162.12 
described in text. 
^Water measured as one acre 
^Mater measured as one acre 
"Vater measured as one acre 
^Water measured as one acre 
foot in the Cottonwood Area, 
foot in the Huntington Area 1. 
foot in the Huntington Area 2. 
foot in the Huntington Area 3. 
In the regional water allocation model the municipal requirements for 
the Cottonwood Area is represented by the activity DDJR. 
CCI 570.0 
CC2 570.0 
CC3 570.0 
CC4 285.0 
CCIO 285.0 
CCll 570,0 
CC12 570.0 
CDOMESTC 1.0 
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Table 57. Domestic water requirement in Cottonwood Creek Watershed 
and Huntington Creek Watershed® 
Domestic water requirement Domestic water requirement 
in Cottonwood Watershed in Huntington Watershed 
(acre feet at Joes Valley (acre feet in Huntington 
Month Reservoir) Creek) 
January 570 1000 
February 570 1000 
March 570 1000 
April 285 
May 
June 
July 
August 
September 
October 285 
November 570 1000 
December 570 1000 
Total 3420 5000 
^The dérivât :ion of water requirements is discussed in the text. 
One unit of the activity meets municipal requirement for the Cotton-
wood Area, CDOMESTC. This accounting row might more appropriately have 
been called CMUNICPL. The monthly water requirements specified in DDJR 
correspond to the requirements stated in Table 57. 
Municipal water requirements for the Huntington Area The 
"nonirrigation season" municipal water requirements for the Huntington 
Area were determined to be 4000 acre feet. However, in the Bureau of 
Reclamation Report (61, Table 47, pp. 99-105) the water requirements were 
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calculated as 1000 acre feet per month for January, February, March, 
November and December. These monthly requirements as given in Table 
57 were used in the regional water allocation model in the form of 
activity DDHC. 
One unit of the activity supplies the annual water requirement 
for municipal use in the Huntington Area. The accounting row HDOMESTC 
is consequently set equal to one. The monthly water requirements are 
specified as acre feet of water in Huntington Creek. 
Irrigation water requirements 
Direct irrigation benefits defined The official definition of 
direct irrigation benefits is given in the following quotation. 
"The increase in the net income of agricultural 
production resulting from an increase in the 
moisture content of the soil through the 
application of water or reduction in damages 
from drought" (59). 
Measurement of direct irrigation benefits The measurement of 
direct irrigation benefits under the budget procedure used by the 
Bureau and under proposed linear programming analysis will be compared. 
HCl 
HC2 
HC3 
HCll 
HC12 
1000.0 
1000.0 
1000.0 
1000.0 
1000.0 
HDOMESTC 1.0  
Budgeting procedure Under the budgeting procedures direct 
irrigation benefits on the i^^ farm are represented by equation (32). 
(32) (Yi'-Fi'-Vi') - (Yi-Fi-Vi) = Di, where 
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i is the i'^ representative farm, i = 1, 2, 12 
Yi* is the gross farm income under project conditions 
Fi* is the fixed cost, excluding a return to operator and family labor, 
under project conditions 
Vi' is the variable cost associated with production, under project 
conditions 
Yi is the gross farm income under pre-project conditions excluding a 
return to family and operator labor 
Fi is the fixed cost under pre-project conditions 
Vi is the variable cost under pre-project conditions 
Di are the direct irrigation benefits. 
Under the budgeting procedure total direct irrigation benefits for the 
project for one year are given by equation (33). 
12 
(33) Z Wi Di = D, , where 
i=l 
Wi is the weight associated with the i^^ farm, and 
is the total direct irrigation benefits. 
The present value of direct irrigation benefits which would accrue 
from all farms over the life of the project, D, would be calculated as 
shown in equation (34). 
100 D 
(34) Z r = D, where 
k=4 (1+r) 
k is the year of economic life of the project, K = 4, 5, ... 100 
r is the discount rate. 
Procedure associated with linear programming solutions Under 
the linear programming procedures direct irrigation benefits on the i^^ 
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farm are calculated as follows. Under pre-project conditions the net 
farm income for the i^^ farm in the year is given by equation (35). 
(35) Yij - Fi = Nij, where 
i is the i^^ farm where i = 1, 2, ..., 48. 
j is the year in the project simulation where j = 20, 21, ..., 59. 
Yij is the value of the objective function plus the value of water 
Fi is the fixed cost 
Nij is the net farm income. 
Under project conditions the net farm income is expressed by equation 
(36) .  
(36) Yij' - Fi = Nij', where 
i and j were previously defined 
Yij* is the value of the objective function plus the value of water 
Fi is the fixed cost 
Nij' is the net farm income. 
The increase in net farm income due to irrigation, direct irrigation 
benefits, is given by equation (37). 
(37) Nij' - Nij = Dij, where 
Dij is direct irrigation benefits. 
Alternatively the direct irrigation benefits may be expressed as 
equation (38). 
(38) Yij' - Yij = Dij. 
For the medium sized beef farm in the Huntington Watershed on which 
the yearling are fed, representative farm number 23 (Table 37), the data 
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for farm income, etc., corresponding to all points on the water demand 
function are given in Table 58. The values of farm income, the objective 
function and the fixed cost are plotted in Figure 6. Since the farm 
income, Y, is the value of the objective function, 0, plus the value of 
water, V, the vertical distance between the farm income and the value of 
the objective function is the value of water. This vertical distance 
showing the value of water has been designated V in Figure 6. In general, 
as the price of water decreases the value of water also decreases. When 
the price of water is zero, i.e. the marginal value product of water is 
zero, the farm income equals the value of the objective function. As the 
price of water goes from 12.00 to 0.00 dollars an acre foot the value of 
the objective function increases from 4219 to 7472 dollars. Part of this 
change is due to direct irrigation benefits, D, and part is due to the 
decreasing price of water. Direct irrigation benefits are defined by 
equation (37) or (38). 
Assuming that the pre-project water supply to the i^^ farm, the 
medium sized beef farm in the Huntington Watershed, in the j^^ year is 169 
acre feet and that the project water supply to the same farm in the same 
year is 375 acre feet, then the direct irrigation benefits, via equation 
(38), are 7472-6245 or 1227 dollars. The objective function increased from 
4219 to 7472 dollars as a result of the project. However, only 1227 
dollars was due to direct irrigation benefits and remaining 2026 was due 
to the price change in water. 
The net farm income is derived by subtracting the constant fixed costs 
from the farm income, equation (35). Consequently, if the abscissa in 
Figure 6 were shifted so that the dollar value 4066 became zero, then the 
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Table 58. Water demand function, farm income, costs and net farm income 
for representative farm number 20 
Price of 
water 
Quantity 
of water 
OBJ fn. 
value 
(0) 
Value of 
water 
(Vi) 
Farm 
income 
(Yi) 
Fixed 
costs 
(Fi) 
Net farm 
income 
(Ni) 
12.00 
11.96 
11.63 
11.54 
10.84 
9.84 
9.32 
8.86 
8.38 
8.30 
8.22 
8.20 
7.97 
6.95 
6.84 
6.65 
6.64 
6.38 
5.80 
5.63 
5.40 
5.09 
4.86 
4.70 
4.55 
4.50 
4.38 
3.60 
2.95 
2.76 
2.58 
2.51 
2.27 
2.26  
2.18 
2.12 
1.81 
1.68 
1.50 
1.39 
168.88 
174.22 
178.10 
180.00 
180.11 
180.61 
185.33 
186.16 
187.31 
188.55 
189.06 
194.39 
198.26 
203.60 
204.87 
204.98 
205.50 
212.66 
340.10 
340.10 
341.37 
341.89 
342.42 
343.72 
344.84 
350.17 
354.05 
354.58 
357.93 
358.45 
360.42 
360.43 
360.87 
362.16 
362.52 
362.72 
362.80 
366.57 
367.22 
367.46 
4219.00 
4225.00 
4284.00 
4298.00 
4425.00 
4605.00 
4699.00 
4785.00 
4884.00 
4887.00 
4903.00 
4908.00 
4952.00 
5155.00 
5178.00 
5217.00 
5219.00 
5271.00 
5396.00 
5454.00 
5529.00 
5635.00 
5714.00 
5770.00 
5820.00 
5837.00 
5882.00 
6158.00 
6388.00 
6456.00 
6519.00 
6546.00 
6631.00 
6638.00 
6664.00 
6686.00 
6795.00 
6846.00 
6910.00 
6950.00 
2026.60 
2083.63 
2071.30 
2077.20 
1952.37 
1777.19 
1727.31 
1649.36 
1560.28 
1564.96 
1554.06 
1594.01 
1580.19 
1415.02 
1401.29 
1363.14 
1364.52 
1356.76 
1972.58 
1914.76 
1843.38 
1740.23 
1664.18 
1615.47 
1569.03 
1575.79 
1550.74 
1275.50 
1055.90 
989.32 
929.90 
904.69 
819.17 
818.48 
790.30 
768.96 
656.67 
615.85 
550.84 
510.77 
6245.60 
6308.63 
6355.30 
6375.20 
6377.37 
6382.18 
6426.30 
6434.36 
6444.28 
6451.96 
6457.06 
6502.01 
6532.18 
6570.02 
6579.29 
6580.14 
6583.52 
6627.76 
7368.58 
7368.76 
7372.38 
7375.23 
7378.18 
7385.46 
7389.03 
7412.79 
7432.73 
7434.50 
7443.90 
7445.32 
7448.89 
7450.68 
7450.16 
7456.48 
7454.30 
7454.96 
7451.66 
7461.84 
7460.84 
7460.77 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
4066.00 
2179.60 
2242.63 
2289.30 
2309.20 
2311.37 
2316.18 
2360.30 
2368.36 
2378.28 
2385.96 
2391.06 
2436.01 
2466.18 
2504.02 
2513.29 
2514.14 
2517.52 
2561.76 
3302.58 
3302.76 
3306.38 
3309.23 
3312.18 
3319.46 
3323.03 
3346.79 
3366.73 
3368.50 
3377.90 
3379.32 
3382.89 
3384.68 
3384.16 
3390.48 
3388.30 
3388.96 
3385.66 
3395.84 
3394.84 
3394.77 
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Table 58. Continued 
OBJ fn. Value of Farm Fixed Net farm 
Price of Quantity value water income costs income 
water of water (0) (Vi) (Yi) (Fi) (Ni) 
1.20 367.56 7021.00 441.07 7462.07 4066.00 3396.07 
1.12 370.82 7053.00 415.31 7468.31 4066.00 3402.31 
1.08 373.18 7065.00 403.04 7468.04 4066.00 3402.04 
0.96 373.51 7110.00 358.57 7468.57 4066.00 3402.57 
0.56 374.33 7258.00 209.63 7467.63 4066.00 3401.62 
0.42 375.10 7314.00 157.54 7471.54 4066.00 3405.54 
0.00 375.10 7471.54 000.00 7471.54 4066.00 3405.54 
line designated Y would represent the net farm income. Thus, as also shown 
by equation (37) and (38), direct irrigation benefits may be calculated in 
two ways. 
The expected, average, annual direct irrigation benefits on the i^^ 
farm, Di^, for the forty year period analyzed may be expressed as equation 
(39). 
59 
(39) Z Dij = Di . 
1=20 
40 
The expected total value of direct irrigation benefits which would 
accrue from all farms in one year of the project would be calculated as 
shown in equation (40). 
48 
(40) I WiDi, = D,, where 
i=l ^ 
Wi is the weight for representative farm i. 
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Figure 6. Values of objective function (0^), water (V^), gross farm 
income (Y\), fixed costs (F^) and net farm income (N^) for 
representative farm number 20 
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The present value of the direct irrigation benefits which would result 
from all farms over the 100 year life of the project, allowing for a three 
year development period, would be expressed as equation (41). 
100 D 
(41) Z ^ = D, where 
k=4 (1+r) 
k is the year of project operation, k = 1, 2, 100 
r is the discount rate, and 
D is the present value of direct irrigation benefits over the economic life 
of the project. 
Water demand functions for irrigation in the water allocation model 
Water demand functions for representative farms in the Cottonwood Area were 
derived by parametric price programming using linear programming, see 
Chapter 7. The individual farm firm demand curves for water were aggregated 
to get an aggregate demand curve for irrigation water by farmers in the 
Cottonwood Creek Watershed. This aggregate demand curve was used to get 
water demand activities for irrigation in the Cottonwood Area. 
Aggregate water demand function The aggregate demand 
function for water to be used for irrigation to raise crops in the 
Cottonwood Area is shown in Table 125. Appendix C. 
When the price of water is twelve dollars an acre foot, farmers will 
collectively purchase 10,002.17 acre feet of water. The total value of 
the water at this point on the demand curve is 120,025.94 dollars. Since 
the water demand function is not defined for prices greater than 12.00 
dollars an acre foot, the value of wàter at this point on the demand 
function shall also be considered to be the consumer surplus at this point. 
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When the price of water is 11.99 dollars the quantity of water demanded is 
10,013.63 acre feet. The consumer surplus is the area under the demand 
curve. Consequently the consumer surplus when the price of water is 11.99 
dollars is 
12.00 X 10,002.17 + 11.99 x 11.46 = 120,163.31 dollars. 
Specification of the water demand activities The information 
on price and quantity of water and the corresponding consumer surplus has 
been built into the regional water allocation model as water demand 
activities. An example of one of the water demand activities for irriga­
tion water in the Cottonwood Area is CA1200 which is given below. 
OBJ 120,025.9400 
CA 100.0000 
WCA 10,002.1700 
The objective function is the consumer surplus, the area under the 
aggregate water demand curve, which corresponds to a water price of 12.00 
dollars an acre foot. Note that the activity name CA1200 identifies the 
activity by the price of water, 12.00 dollars an acre foot, and the area, 
Cottonwood Area. The amount of water required by one unit of the activity 
is 10,002.17 acre feet. The row CA is a resource constraint row for land 
in the Cottonwood Area. One unit of CÂ12Q0 requires 100 units of the land 
in the Cottonwood Area, CA. The model is constrained by 100 units of land 
in the Cottonwood. Consequently, there can never be more than one unit of 
CA1200 in the solution to the linear programming model. 
The value of the objective function in the model may be increased by 
bringing other activities into the solution such as CA1199 which has an 
OBJ value of 120,163.31. As usual, however, whether or not an activity 
enters the optimal solution is related to resource restrictions of the 
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model and resource requirements of the activity. The land requirement 
for one unit of each activities requiring irrigation water in the 
Huntington Area is 100 units. However, the water requirement varies 
among activities, for illustration compare CA1200 and CA1199 in Table 
125, Appendix C. 
The water requirement for the water demand activities is specified 
in terms of a water unit WCA. The WCA are obtained through the following 
activity, MHDCA. 
MWDCA water transfer activity The crop water requirements in 
the Cottonwood Area are distributed through the growing season and vary 
among crops. When all crops from all farms are considered the distribution, 
in terms of percent, of water requirements by month is given by MHDCA. 
The activity MWDCA is stated below. 
WCA -100.0000 
CA4 2.6848 
CA5 13.5817 
CA6 24.3866 
CA7 26.1746 
CA8 19.2542 
CA9 11.0148 
CAIO 2.9033 
To supply one hundred acre feet of water for irrigation in the Cottonwood 
Creek Watershed, the stated number of acre feet of water delivered to 
farm laterals is required for the months April through October. 
Water for irrigation in the Huntington Creek Area Water demand 
functions for representative farms in the Huntington Area were derived by 
parametric price programming using linear programming. The individual 
farm firm demand curves for water were aggregated to get an aggregate 
demand curve for irrigation water by farmers in the Huntington Creek 
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Watershed. This aggregate demand curve was used to get water demand 
activities for irrigation in the Huntington Area. 
Aggregate demand curve for water The aggregate demand curve 
for water to be used for irrigation in the Huntington Area is shown in 
Table 125. Based upon potential sources of water supply the irrigable land 
in the Huntington Area has been divided into three areas. Huntington Areas 
1, 2 and 3 have 50.78, 29.50 and 19.72 percent of the irrigable land in 
Huntington Area and consequently each area has the comparable percentage 
of the total water demand in the Huntington Area. To derive the aggregate 
water demand curves for Huntington Areas 1, 2 and 3 the quantity of water 
demanded and value of the objective function for each row of the Huntington 
Data are multiplied by the appropriate percentage. For Huntington Area 1 
the aggregate demand for water at a price of 12.00 dollars per acre foot 
would be 0.5078 x 25,683.87 = 13,042.27 acre feet. The consumer surplus 
would be 0.5078 x 308,206.45 = 156,507.25 dollars. 
Specification of the water demand activities for Huntington Area 
1, The information on price, quantity and consumer surplus for 
Huntington Area 1 has been built into the regional water allocation model 
as water demand activities. An example of the water demand activities 
for irrigation water in Huntington Area 1 is H10659. 
OBJ 173,960.8100 
HI 100.0000 
WHl 15,027.8000 
For each unit of the activity the value of the objective function Is 
increased 173,960.81 dollars. One unit of the activity requires all the 
land in Huntington Area 1 which is 100 units. One unit of the activity 
requires 15,027.80 units, acre feet, of water in the Huntington Area 1, 
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WHl. The water in Huntington Area, WHl, is supplied by an activity 
MWDHl. 
MHDHl water transfer activity The crop water requirements 
in the Cottonwood Area are supplied by the activity MWDHl which is given 
below. 
WHl -100.0000 
H14 2.4662 
H15 13.3784 
H16 25.1373 
H17 26.9805 
H18 19.3792 
H19 9.9928 
HllO 2.4662 
To supply one hundred acre feet of water for irrigation in 
Huntington Area 1, the stated number of acre feet of water delivered to 
farm laterals is required for the months April through October. 
Water demand activities for Huntington Area 2 The water 
demand activities for Huntington Area 2 are derived in a manner comparable 
to those of Huntington Area 1. 
Specification of the water demand activities for Huntington Area 
^ The water demand activities for Huntington Area 3 are derived in a 
manner comparable to those of Huntington Area 1, 
Secondary (indirect) irrigation benefits In the Bureau study of 
the Emery County Project indirect benefits were considered to belong to 
one of three classes: 
"Benefit A is the increase in profits of local retailers and 
wholesalers from handling the sale of farm products consumed 
locally without processing. 
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Benefit B comprise the profits of all other enterprises 
between the farm and the final consumer due to handling, 
processing and marketing of increased farm production. 
Benefit Ç represent the profits of all enterprises supplying 
increased goods and services for family and farm production 
expenses" (63, p. 111). 
In the budgeting analysis the sales and purchases upon which indirect 
benefits are calculated are obtained from the farm budgets. For each 
representative farm the dollar sales, purchases or living allowance are 
calculated for project and pre-project conditions and the difference is 
multiplied by the appropriate benefit factor given in Table 59. The 
public benefit due to stabilization of the economy is considered to be ten 
percent of the direct irrigation benefits. No explicit means of 
calculating the public benefit due to increased tax base was stated in 
the Emery County Project Report (63), consequently the estimates from the 
budgeting study were also used in the linear programming analyses. 
In the linear programming analysis accounting rows can be included in 
the farm models to keep count of dollar sales of Hay and Forage, etc. 
The accounting rows in the farm linear programming model has dollar sales 
of various products. 
Indirect benefits from sale of hay and forage The following 
equation, (42), states the change in dollar sales of Hay and Forage on 
representative farm i in year j of the project simulation. 
(42) Al'ij - Alij = Al*ij, where 
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i = representative farm where i = 1, 2, 48 
j = year of the project simulation where j = 20, 21, 59 
Al* is the dollar sales of hay or forage under project conditions 
A1 is the dollar sales of hay or forage in pre-project conditions 
Al* is the change in dollar sales of hay and forage between project and 
pre-project conditions. 
Table 59. Source and magnitude of various indirect and public benefit 
classes® 
Indirect 
benefits 
classes Source 
Benefit factor 
(percent of 
sales or 
purchases) 
Class A: Al is dollar sales of hay and forage 5 
A2 is dollar sales of cereal crops 5 
Class B: B1 is dollar sales of meat 11 
B2 is dollar sales of wool 78 
B3 is dollar sales of dairy products 7 
Class C: CI is family living allowance 18 
C2 is farm production expenses 18 
Public 
benefit 
classes 
Class P: PI is stabilization of economy^ 
P2 is 
Q 
increased taxes 
PS is 
c 
settlement opportunity 
*(63, Table 82, p. 113). 
^Assumed to be ten percent of direct irrigation benefits. 
^Discussed in text. 
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The expected, average, annual change in dollar sales of hay and 
forage from the i^^ representative farm, Al*ik, for the forty years of 
project simulation is expressed by equation (43). 
59 Al*ij 
(43) t = Al*ik. 
i=20 
40 
The expected, average, annual indirect benefits from additional 
sales of hay and forage which result due to the project conditions can be 
calculated by multiplying Al*ik by 0.05, which is the benefit factor 
associated with sale of hay and forage, see Table 59. 
The expected, average, annual indirect benefits from all farms from 
additional sales of hay and forage which result due to project conditions 
can be calculated as shown in equation (44). 
48 
(44) Z W1 Al*i = Al* , where 
i=l ^ ^ 
Wi is the weighting factor for ith representative farm. 
The present value of the indirect irrigation benefits, Al*. which 
would result from the farms over the 100 years life of the project, 
allowing for a three year development period, would be expressed as 
equation (45). 
100 Al*k 
(45) Z , = Al* , where 
k=4 (1 + r)K 
k and r are previously defined. 
Other indirect irrigation benefits The other indirect irri­
gation benefits are determined in a manner analagous to the way the 
indirect benefits from the sales of hay and forage were obtained. 
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In equations 42 through 45, if the Alij and Al'ij values obtained from 
the farm solutions were replaced by any other possible source of indirect 
irrigation benefit, for example C2ij and C2'ij, then the indirect 
irrigation benefit, C2*, which would result from the farms over the 100 
year life of the project, allowing for a three-year development period, 
would be obtained. 
In the farm linear programming model there can be individual accounting 
rows for all possible sources of secondary benefits except CI and C2. 
There is a single accounting row for these two sources of indirect 
irrigation benefits. This single accounting row records the gross farm 
income. The reasons for this are given below. Farm production expenses 
plus family living allowance was equal to gross farm income minus (a) the 
opportunity cost on the farmers equity and (b) the total farm payment 
capacity for water. In this study there are no good estimates of 
farmers equity and, furthermore, the difference in capital requirements 
in project vs. pre-project conditions is minor. While the farmers 
equity is likely to increase over the life of the project it will be 
greater toward the end of the economic life of the project when its 
discounted opportunity cost would be comparatively small. In the farm 
models the capital constraint was set at zero and all capital required 
to meet variable costs had to be borrowed. Consequently, the opportunity 
cost of all capital required for variable costs has already been subtracted 
from the objective function. For the purposes of this study it is assumed 
that the farmers equity in total farm investment is equivalent, to the 
value of the fixed factors. 
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The second correction which should be made to the total farm 
income to get the value of family living allowance plus farm 
production expenses is the total farm payment capacity for water. 
This correction can be made later, consequently for the present the 
total farm income will be used to represent family living allowance 
plus farm production expenses. 
Public benefits resulting from irrigation The public benefits 
included in the study by the Bureau and the reason for their inclusion 
are given in the following quotation. 
"Improvements in the general welfare of the area are included 
as public benefits insofar as they can be identified by 
monetary values and are not already included as direct and 
indirect benefits. Two items have been evaluated in this 
category; they are stabilization of economy and improvement 
in community facilities and services. 
Stabilization of economy 
Providing a dependable late season water supply will 
make a substantial contribution in raising and 
stabilizing the economy for both the farmers and the 
people providing services to the farmers. A benefit 
amounting to ten percent of direct benefits has been 
estimated for this purpose. 
Improved community facilities and services 
An increase in the usable irrigation water supply will 
result in an increase in the present tax base and thus 
an increase in real and personal property taxes. A public 
benefit equivalent to these increased property taxes has 
been claimed in this analysis. 
Settlement opportunities 
Although there are 771 acres of new land to be 
supplied additional water, it is all privately owned, 
and incorporated with existing farm units. It is not 
anticipated that there will be any additional farm 
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units as a result of the project; therefore, no 
benefits have been claimed from this category" 
(63, p. 114). 
As mentioned in the quotation only PI and P2 are relevant in this 
study from the Bureau of Reclamation point of view. For the purposes 
of the current study the amount of increased taxes, P2, was merely 
lifted from the Bureau Study (63, Table 82, p. 113). The public benefit 
resulting from stabilization of the economy , Pi, was assumed to be ten 
percent of the direct irrigation benefits. 
Water quality control 
The primary benefits from water quality control and suggestions 
for their measurement are given in the following quotation. 
"The net contribution to public health, safety, economy, 
and effectiveness in use and enjoyment of water for all 
purposes which are subject to the detriment or betterment 
by virtue of change in water quality. The net contribution 
may be evaluated in terms of avoidance of adverse effects 
which would accrue in the absence of water quality control, 
including such damages and restrictions as preclusion of 
economic activities, corrosion of fixed and floating 
plant, loss or downgrading of recreational opportunities, 
increased municipal and industrial water treatment costs, 
loss of industrial and agricultural production, impairment 
of health and welfare, damage to fish and wildlife, 
siltation, salinity intrusion, and degradation of the 
aesthetics of enjoyment of unpolluted surface waters, 
or conversely, in terms of the advantageous effects of 
water quality control with respect to such items. 
Effects such as these may be composited roughly into 
tangible and intangible categories, and used to 
evaluate water quality control activities. In 
situations where no adequate means can be devised to 
evaluate directly the economic effects of water 
quality improvement, the cost of achieving the same 
results by the most likely alternative may be used 
as an approximation of value" (59). 
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Water quality control problems were not delineated as one of the 
problems in this study. 
Navigation water requirements 
While navigation benefits are not involved in this study they 
are included to give a complete view of water related primary benefits. 
"The value of the services provided after allowance for 
the cost of the associated resources required to make the 
service available. For commodities that would move in 
the absence of the project, the benefit is measured by 
the saving as a result of the project in the cost of 
providing the transportation service. For commodities 
that will move over the improved waterway but would 
not move by alternative means, the measure of the 
benefit is the value of the service to shippers ; 
that is, the maximum cost they should be willing to 
incur for moving the various units of traffic 
involved. Navigation improvements may also 
provide benefits in other forms, such as 
reduction in losses due to hazardous or inadequate 
operating conditions and enhancement in land values 
from the placement of dredged spoil" (59). 
Electrical power water requirements 
Electrical power benefits are discussed in this study so the 
proposed standards for their measurement are described below. 
"The value of power to the users is measured by the 
amount that they should be willing to pay for such 
power. The usual practice is to measure the benefit 
in terms of the cost of achieving the same result by 
the most likely alternative means that would exist 
in the absence of the project. In the absence of 
economically feasible alternative means, the value 
of the power to users may be measured by any savings 
in production costs, increase in value of product 
that would result from its use, or its net value to 
consumers" (59). 
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Flood control and prevention benefits 
"Reduction in all forms of damage from inundation 
(including sedimentation) of property, disruption 
of business and other activity, hazards to health 
and security, and loss of life; and increase in the 
net return from higher use of property made 
possible as a result of lowering the flood 
hazard" (59). 
Flood control evaluation could be included in this model. 
Land stabilization benefits 
"Benefits accruing to landowners and operators and 
the public resulting from the reduction in the 
loss of net income, or loss in value of land and 
improvements, through the prevention of loss or 
damage by all forms of soil erosion including 
sheet erosion, gullying, flood plain scouring, 
streambank cutting, and shore or beach erosion, 
or, conversely in terms of advantageous effects 
of land stabilization" (59). 
Drainage benefits 
There has been a drainage problem associated with irrigation 
practices in the project area. 
"The increase in the net income from agricultural 
lands or increase in land values resulting from 
higher yields or lower production costs through 
reduction in the moisture content of the soil 
(exclusive of excessive moisture due to flooding), 
and the increase in the value of urban and 
industrial lands due to improvement in drainage 
conditions" (59). 
Recreation water requirements 
Recreation benefits represent a substantial part of the benefits 
which would result from the implementation of some of the alternative 
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plans for Emery County. The following quotation is the official 
specification of recreation benefits and suggestions for their 
measurement. 
"The value as a result of the project of net increases in 
the quantity and quality of boating, swimming, camping, 
picnicking, winter sports, hiking, horseback riding, 
sightseeing, and similar outdoor activities. (Fishing, 
hunting, and appreciation and preservation of fish and 
wildlife are included under paragraph V E 10.) In the 
general absence of market prices, values for specific 
recreational activities may be derived or estimated on 
the basis of a simulated market giving weight to all 
pertinent considerations, including charges that 
recreationists should be willing to pay and to any 
actual charges being paid by users for comparable 
opportunities at other installations or on the basis 
of justifiable alternative costs. Benefits also 
include the intangible values of preserving areas of 
unique natural beauty and scenic, historical, and 
scientific interest" (59). 
The minimum water requirements specified for Joes Valley Reservoir 
and Huntington Reservoir are adequate to meet water requirements for 
recreational aspects of the project. 
Fish and wildlife water requirements 
Fish and wildlife water requirements are considered in this study. 
The official definition of fish and wildlife benefits is given below. 
"The value as a result of the project of net increases 
in recreational, resource preservation, and commercial 
aspects of fish and wildlife. In the absence of market 
prices, the value of sport fishing, hunting, and other 
specific recreational forms of fish and wildlife may be 
derived or established in the same manner as prescribed 
in paragraph V E 9. Resource preservation includes the 
intangible value of improvement of habitat and 
environment for wildlife and the preservation of rare 
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species. Benefits also result from the increase in 
market value of commercial fish and wildlife less the 
associated costs'* (59). 
No specific activities are required to provide water for fish and 
wildlife in the water allocation model. The fish and wildlife water 
requirements are met by the specifications on the dams. 
Fish and wildlife requirements in Joes Valley Reservoir 
"The Bureau of Sport Fisheries and Wildlife and the Utah 
State Department of Fish and Game have recommended an 
inactive storage pool at elevation 6910 m.s.l. for fish 
and wildlife purposes. This will amount to a minimum 
of 7870 acre-feet of capacity and 285 acres of water 
surface area, including sediment storage reservation, 
at the time of construction" (60, p. 69). 
Fish and wildlife requirements for Huntington North Reservoir 
"The Bureau of Sport Fisheries and Wildlife and the Utah 
State Department of Fish and Game, have recommended an 
inactive storage pool at elevation 5817 m.s.l. for fish 
and wildlife purposes. This will amount to a minimum 
of 1750 acre-feet of capacity and 125 acres of water 
surface area at the time of construction" (60, p. 76). 
Water requirements for other uses 
"Justification of the recognition of any other benefits 
and of the standard used in their measurement shall be 
set forth in reports. Unless included under one or 
more of the above categories, reports should show the 
net economic effects of changes in transportation 
capability, or changes in productivity of forest, 
range, mineral, or other resources. A project's 
contribution toward meeting specific needs for 
servicing international treaties or for national 
defense may also be included" (59). 
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While the number of water uses considered in this study are few 
and the specification of water requirements is quite limited, single 
points for most uses, the water allocation model can be used to analyze 
more "complicated" projects. Consequently there is a need to develop 
comprehensive water-use coefficients for all possible water uses. 
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CHAPTER ELEVEN. PROJECT OPERATION 
Introduction 
Two project situations, designated A and B in Table 60, are discussed 
in this chapter. Additional alternative project situations are considered 
in the economic analysis of the project in Chapter 12. Alternative A is 
the situation described as "without project" in the Bureau Study of the 
Emeiry County Project (63). Alternative B is the situation described as 
"with project" in the Bureau study. Alternatives A and B are also some­
times referred to as pre-project and project situations. 
The irrigation structures which would exist in situations A and B are 
indicated in Table 60. By viewing the waterflow system. Figure 5, the 
alternative flows of water which are possible under Alternative A and 
Alternative B are apparent. The permissible sets of water flows are those 
indicated in Table 61. Since there are no water flows between the 
Cottonwood Area and the Huntington Area in Alternative A, the operation 
of irrigation facilities in. these two areas function independently. 
The format used in this chapter will be to first discuss and interpret 
one year of project operation under Alternative A and then the same year 
under Alternative B. Subsequently the results from the forty year 
simulation^  ^of project operation under Alternative A and Alternative B 
will be summarized and discussed. Consideration will be given to an 
alternative strategy for operating the structures under Alternative B. 
Finally, Alternatives A and B will be discussed under the condition that 
^^ See Chapter 7 to see why the recursive linear programming model is 
also a simulation model. 
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Table 60. Structures included in project situations designated 
Alternative A and Alternative B 
Alternative A Alternative B 
(without (with project 
Structure 
project 
situation) 
situation) 
Joes Valley Dam and Reservoir 
(50,000 a.f. active capacity) 
0® b 
Swasey Diversion Dam 0 1 
Cottonwood Creek-Huntington Canal 0 1 
Huntington North Dam and Reservoir 
(3100 a.f. active capacity) 
0 1 
Huntington North Service Canal 0 1 
Drains and Canal lining 1 1 
Small Reservoirs HA^  1 
Project Canals in the Cottonwood Area CA^  1 
Project Canals in the Huntington Area HA 1 
0^ means this structure is not included in the project operation, 
1^ means this structure is included in the project operation. 
H^A means this structure affects only the project operation in the 
Huntington Area. 
C^A means this structure affects only the project operation in the 
Cottonwood Area. 
inter-farm reallocation of water is not permitted. 
Project operation under Alternative A (pre-proiect situation) 
The project operation was simulated for a forty year period using 
historical stream flow data as the water supply. As stated in the 
introduction, the operation of the irrigation facilities in the Huntington 
Area is independent of the operation in the Cottonwood Area and vice versa. 
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Table 61. Two alternative project situations for Emery County with 
inter-spatial and inter-temporal sets of activities 
specified® 
Sets of Alternative A Alternative B 
activities (without project (with project 
situation) situation) 
b^ ,c 
SCJR 0 
JRJR 0 1 
0 1 
JRCC 0. 1 
SCCC CA*^  1 
CCCA CA 1 
CCCA^  CA 1 
CCHA HA® 1 
HHHC HA 1 
HHSR HA 1 
SRSR HA 1 
SRHC HA 1 
HCHl HA 1 
HCHll HA 1 
HCH2 HA 1 
HCHZl HA 1 
HCH3 HA 1 
HCH3I HA 1 
HCNR 0 1 
NRH3 0 1 
HAH2 0 1 
HAH3 0 1 
HANR 0 1 
SPCC CA 1 
SPHC HA 1 
STORESR HA 1 
STORENR 0 1 
STOREJR 0 1 
MJR 0 1 
MSR HA 1 
MNR 0 1 
O^rigin of table is discussed in text, p. 249. 
0 means this set of activities is omitted from the project operation. 
1^ means the set of activities is included in the project operation. 
*^ CA means this set of activities pertains to the project operation 
in the Cottonwood Area. 
®HA means this set of activities pertains to the project operation 
in the Huntington Area. 
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when there is no inter-area water transfer from the Cottonwood Area to 
the Huntington Area. The procedure here shall be to discuss the operation 
of the Cottonwood irrigation facilities and the Huntington irrigation 
facilities separately. The solution of the project model when the 1930 
water flow data was used as part of the water resources restrictions is 
recorded in Table 126, Appendix D. The information from this solution 
which relates to the Cottonwood Area and the Huntington Area will be 
discussed in detail following a brief description of the irrigation 
activities which entered the optimal solution for the 1930 data under 
Alternative A. 
Irrigation activities in the optimal solution The irrigation 
activities which entered the optimal solution for the forty years of 
project operation which were simulated are recorded in Table 62. For 
the 1930 water flow data, the activities which entered the optimal 
solution were: (a) H10416 at a level of 1.0; (b) H20416 at a level of 
0.35137; (c) H30416 at a level of 1.0 and; (d) CA0005 at a level of 1.0. 
As will be recalled from the formulation of the irrigation activities in 
Chapter 10 the irrigation activity names incorporated locational and price 
information. Consequently, H10416 is the irrigation demand activity for 
Huntington Area 1 when the price of water is valued at 4.16 dollars per 
acre foot (i.e. the marginal value product of water is 4.16 dollars). 
The other irrigation activities have similar interpretations. There are 
two points that should be noted about the irrigation activities in the 
optimal solution. First, in Huntington Area 2 there are two irrigation 
activities that entered the optimal solution. The level of the two 
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Table 62. Irrigation water use by area without project development 
Huntington Cottonwood 
Activity Activity Activity Activity 
Year HI Level H2 Level H3 Level CA Level 
1920 0002 1.00000 0002 1 .00000 0002 1, .00000 0005 1 .00000 
1921 0002 1.00000 0002 1 .00000 0002 1, .00000 0005 1 .00000 
1922 0002 1.00000 0002 1 .00000 0002 1 .00000 0005 1 .00000 
1923 0002 1.00000 0002 1 .00000 0002 1 .00000 0005 1 .00000 
1924 1182 1.00000 1189 
1172 
.80576 
.19424 
1182 1 .00000 0450 
0442 
.13559 
.86441 
1925 0565 1.00000 0570 
0565 
.51924 
.48076 
0510 1 .00000 0115 
0113 
.13318 
.86682 
1926 0416 
0412 
.93363 
.06637 
412 1 .00000 0416 1 .00000 0534 
0532 
.44413 
.55587 
1927 0004 1.00000 0010 1 .00000 0004 1 .00000 0005 1 .00000 
1928 0137 
0131 
.00069 
.99931 
0131 1 .00000 0137 1 .00000 0005 1 .00000 
1929 0002 1.00000 0002 1 .00000 0002 1 .00000 0005 1 .00000 
1930 0416 1.00000 0416 
0412 
.64863 
.35137 
0416 1 .00000 0005 1 .00000 
1931 1200 1.00000 1200 1 .00000 1200 .36631 0534 
0532 
.66467 
.33533 
1932 0263 1.00000 0254 1 .00000 0263 
0258 
.91121 
.08879 
0005 1 .00000 
1933 0263 1.00000 0258 1 .00000 0263 
0258 
.54878 
.45122 
0005 1 .00000 
1934 1200 .98641 1200 1200 - - 1200 .68911 
1935 0266 
0263 
-01566 
.98434 
0266 1 .00000 0266 1 .00000 0005 1 .00000 
1936 0002 1.00000 0002 1 .00000 0004 1 .00000 0005 1 .00000 
1937 0004 1.00000 0004 
0002 
.36455 
.63545 
0004 1 .00000 0005 1 .00000 
1938 0224 1.00000 0227 
0224 
.87544 
.12456 
0224 1 .00000 0005 1 .00000 
1939 0548 1.00000 0553 
0548 
.81005 
.18995 
0548 1 .00000 0371 
0370 
.15494 
.84506 
Discussed in text on page 252. 
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Table 62. Continued 
Huntington Cottonwood 
Activity Activity Activity Activity 
Year HI Level H2 Level H3 Level CA Level 
1940 0416 1. 00000 0416 
0409 
• 
49275 
50725 
0416 1. 00000 0371 
0370 
• 
31914 
68086 
1941 0002 1. 00000 0002 1. 00000 0002 1. ,00000 0005 1. ,00000 
1942 0002 1. ,00000 0002 1. ,00000 0004 1. 00000 0005 1. ,00000 
1943 0397 1. 00000 0397 1, ,00000 0406 
0397 
,66743 
,33257 
0005 1. ,00000 
1944 0002 1, .00000 0002 1. ,00000 0002 1. ,00000 0005 1. ,00000 
1945 0263 1, .00000 0263 
0254 
.67235 
.32765 
0263 1. ,00000 0005 1. 00000 
1946 0416 1 .00000 0416 
0409 
,16168 
.83832 
0416 1, .00000 0226 
0221 
.94728 
.05272 
1947 0228 
0227 
.82819 
.17191 
0230 1. ,00000 0228 1, .00000 0005 1, .00000 
1948 0614 
0607 
.99888 
.00112 
0614 1, .00000 0607 1 .00000 0005 1 .00000 
1949 0002 1 .00000 0002 1, .00000 0004 1 .00000 0005 1 .00000 
1950 0412 1 .00000 0409 1 .00000 0416 
0412 
.10799 
.89801 
0005 1 .00000 
1951 0218 
0212 
.37689 
.62311 
0218 1 .00000 0218 1 .00000 0005 1 .00000 
1952 0002 1 .00000 0002 1 .00000 0002 1 .00000 0005 1 .00000 
1953 0162 1 .00000 0162 
0156 
.93747 
.06253 
0157 1 .00000 0005 1 .00000 
1954 0838 .00000 0834 .00000 0838 
0834 
.14145 
.85855 
0325 
0323 
.84743 
.15257 
1955 0614 
0607 
.38858 
.61142 
0614 1 .00000 0607 1 .00000 0005 1 .00000 
1956 0499 
0496 
.74774 
.25226 
0496 1 .00000 0496 1 .00000 0162 
0156 
.33943 
.66057 
1957 0002 1 .00000 0002 1 .00000 0002 1 .00000 0005 1 .00000 
1958 0002 1 .00000 0002 1 .00000 0002 1 .00000 0005 1 .00000 
1959 1200 1 .00000 1200 1 .00000 1200 .49670 0371 
0370 
.96772 
.03228 
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activities summed is 1.0. The fact that there are two irrigation activities 
in the optimal solution for Huntington Area 2 and only one irrigation 
activity for Huntington Area 1 and one for Huntington Area 3 happened by 
chance. There could have been as many as two irrigation activities in 
Huntington Area 2 and/or two irrigation activities in Huntington Area 1 
instead of or in addition to the two irrigation activities in Huntington 
Area 3. The reason for this is that the irrigation activities for Huntington 
Areas 1, 2, 3 were constructed such that if water were economically 
efficiently allocated among the three areas, then an additional acre foot 
of water would have equal marginal value product in each of the three 
areas. By scanning the activity level for Huntington Areas 1, 2 and 3 in 
Table 62 for other years one can see that in different years there are two 
activities in Huntington Area 1, Huntington Area 2 and Huntington Area 3. 
When allocating water to the different areas the project supervisor should 
allocate the water such that each of the three areas has two irrigation 
activities at comparable levels. This phase of the project operation will 
be discussed in depth later. 
The second point to note is that the irrigation activity for the 
Cottonwood Area was CA0005. The marginal value product of an additional 
acre foot of water is thus considerably less in the Cottonwood Area than 
in the Huntington Areas. Thus the Bureau's assumption that farmers in the 
Cottonwood Area would have the same ability to pay for water, and indirectly 
the same economic benefits from project water, is unfounded. This problem 
will be discussed in detail in Chapter 13. 
256 
Operation of irrigation facilities in the Cottonwood Area This 
discussion on project operation will have three main parts. First, the 
water flow in the Cottonwood Area will be discussed. Second, the extent 
of the water "shortage" will be discussed. Thirdly, the marginal value 
product of additional water at different points in time and location will 
be discussed. 
Water flow in the Cottonwood Area The water flow for the 
Cottonwood Area has been condensed from Table 126 into Table 63. Since 
there are no reservoirs on Seely Creek (SC) all the flow from this creek 
is transferred into Cottonwood Creek (CC) via the water transfer activities 
activity set SCCC. The noncrop water requirements are met first but are 
not specifically shown in Table 63. Water which cannot be used in the 
Cottonwood Area is allowed to flow out of the area by activity set SPCC. 
All the available water was used during the months of high water require­
ments. 
Water from Cottonwood Creek is transferred to the Cottonwood Area by 
two sets of transfer activities, CCCA and CCCA^ . These two types of water 
transfer activities function as follows. CCCA requires water flow from 
Cottonwood Greek and makes it available to meat irrigation water require­
ments in the same month. CCCA^  requires water flow from Cottonwood Creek 
one month and the water is applied to the soil that month but the water is 
used for plant production, meets irrigation water requirements, the following 
month. This is inter-month water transfer using the soil as a reservoir. 
Water shortages in the Cottonwood Area As was mentioned 
earlier the noncrop water requirements are specified as equalities in the 
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Table 63. Operation of the irrigation project in the Cottonwood Area 
under Alternative A for resource constraints associated with 
1930® 
Identification (1) (2) (3) (4) (5) (6) 
Etow (resource constraint 
or column  ^
activity set) SC SCCC CC COCA CCCA* SPCC 
Month 
Initial 
January 1,000 1,000 150 - - —  - 530 
February 1,00C 1,000 150 — —  530 
March 1,900 1,900 295 -  - -  - 1,530 
April 6,800 6,800 0 743 0 5,432 
May 14,000 14,000 100 3,713 592 9,096 
June 12,500 12,500 625 6,067 6,433 0 
July 4,300 4,300 615 1,164 3,536 0 
August 2,600 2,600 630 1,978 1,122 0 
September 1,900 1,900 195 2,000 0 0 
October 1,800 1,800 290 803 0 912 
November 1,400 1,400 270 -  - 1,030 
December 1,100 1,100 255 — — 730 
End 
Total 
a^ble 126, Appendix D. 
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water allocation model and will consequently always be satisfied given 
that there is enough water to meet them. If there is inadequate water to 
meet them then the water allocation model will be infeasible for that 
particular set of water resource constraints. 
The irrigation activities for the water allocation model were derived 
from the aggregate water demand function for the Cottonwood Area, see 
Chapter 10. The most intensive use of water was specified by the activity 
CA0005 because no additional water would be used by any farmer as the 
price of water was reduced from 0.05 dollars an acre foot to 0.00 dollars 
an acre foot. Since the irrigation activity CA0005, check Table 126, 
came into the optimal solution for the project at a level of 1.0 it is 
known that farmers have all the water for irrigation which they can 
utilize. Consequently, the marginal value product of an additional acre 
foot of water for use in irrigating crops is zero. The amount of water 
delivered to farm weirs and used for irrigating crops in the Cottonwood 
Area was 22.466 acre feet of water, see Table 67. This figure can also 
be seen in Table 126 as the level of the activity which supplies water for 
the irrigation activities MHDCA. The unit of account on the activity 
MMDCA is 100 acre feet of water delivered to farm canals and the level of 
the activity is 224.66. 
The level of water use for irrigation in the Cottonwood Area may be 
checked by using the data in Table 63. The number of acre feet of water 
supplied to the Cottonwood Area by the water transfer activities CCCA and 
CCCA^  was: 
(46) (a) (b) + (c) (d) - (e) = (f) 
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(47) 743 (0.784) 0 28.39 = 603.16 
3713 0 104.45 = 3051.60 
6067 592 141.96 = 5479.12 
1164 6433 152.40 = 5880.47 
1978 3536 127.80 = 4325.72 
2000 1122 105.28 = 2474.37 
803 0 30.53 652.02 
a and c are water conveyance efficiencies incorporated into the model; 
e is nonirrigation water demand. 
Interpretation of marginal value product for water and other 
resources constraints in the Cottonwood Area It has already been shown 
that all water requirements in the Cottonwood Area have been met and that 
the value of an additional acre foot of water is zero. There appears to 
be an inconsistency because there is a positive shadow price on additional 
water in the Cottonwood Area in June, July, August and September. The 
answer lies in the fact that the positive marginal value products result 
from the inclusion of some numbers of the inter-month water transfer 
activity set, CCCA^ , in the optimal solution. The following calculations 
will show how the shadow prices for CA6, CA7, CAS and CA9 resulted in the 
optimal solution. Table 126. The activity specified in Table 64 are taken 
from Table 126. 
In order to meet the irrigation water requirements in the Cottonwood 
Area for the year 1930 a series of inter-month water transfers had to occur. 
Water was transferred from Cottonwood Creek in May (CC5) via storage in the 
soil, activity CC5CA6, to meet plant water requirements in June (CA6 
indirectly represents June plant water requirement). According to the way 
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Table 64. Inter-month water transfers as soil moisture 
Area under pre-project conditions® for 1930 
in the Cottonwood 
Activity Activity level Input cost 
CC5CA6 592 -0.01 
CC6CA7 6433 -0.01 
CC7CA8 3536 -0.01 
CC8CA9 1122 -0.01 
S^ource is Table 126, Appendix D. 
activity CC5CA6 is specified in the model in Chapter 10, one acre foot of 
water in the Cottonwood Creek in May will yield 0.784 acre feet of water 
in the Cottonwood Area in June and cost 0.01 dollars. Consequently, one 
acre foot of water in the Cottonwood Area in June costs 0.01276 or 0.013 
dollars which is the marginal value product of an additional acre foot of 
water in the Cottonwood Area in June (see Table 126). 
The explanation of the marginal value products for CÀ7, CAS and CAS 
is somewhat more complicated because the marginal value products of water 
in these months is a function of inter-month water transfers required to 
supply water in previous months. In order to supply water in the Cotton­
wood Area in September a chain of events has to extend all the way back to 
water in Cottonwood Creek in May. This chain of water transfers is given 
in Table 65 and discussed below. 
To make one acre foot of water available in the Cottonwood Area in 
September, 1.27551 acre feet of water would be required in Cottonwood 
Creek in August, as could be verified from the water allocation model. 
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Table 65. Inter-month water transfers required to supply an additional 
acre foot of water to the Cottonwood Area in September for 
1930® 
Water (acre feet) 
CC (Water in CA (Water in the 
Month Cottonwood Creek) Cottonwood Area) 
January 
February 
March 
April 
May 1.62552 
June 1.49930 1.27441 
July 1.38288 1.17545 
August 1.27551 1.08418 
September 1.00000 
October 
November 
December 
Total 5.78321 
Data obtained from Table 126, Appendix D. 
The water loss incorporated into activity CC8CA9 is 21.6 percent. The 
1.27551 acre feet of water which was diverted from the Cottonwood Creek 
in August was previously used to meet 1.08418 acre feet of irrigation 
water requirement in the Cottonwood Area in August via activity COCAS. 
The water loss incorporated into activity CCCA8 is only 15.0 percent. In 
order to meet the 1.08418 acre foot water requirement, CA8, in the Cotton­
wood Area in August 1.38288 acre feet of water is required in Cottonwood 
Creek in July. By tracing this chain of events back to May for water in 
262 
Cottonwood Creek, see Table 65, it can be seen that 1.62552 acre feet of 
water is required. The total number of units of water transfer activities 
required to supply the one acre foot of water in September is thus 1.62552 
units, or acre feet, of CC5CA6, etc. for a total of 5.78 acre feet. Since 
the cost associated with one unit of a water transfer activity is 0.01 
dollars, from Table 65, the marginal value product of an additional acre 
foot of water in September is 0.058 dollars. That is, if one additional 
acre foot of water became available in the Cottonwood Area in September, 
then the objective function would be increased by 0.058 dollars because 
the number of units of inter-month water transfer would be reduced. 
One should note that water did not become a limiting factor of 
production. If there had been inadequate water to facilitate the required 
inter-month water transfers, then the marginal value product in one or 
more months would have increased substantially. 
It should again be emphasized that the cost associated with these 
inter-month water transfers is not a real cost but is included to make the 
water allocation model behave in a desired manner. The costs for inter-
month water transfer are set at a low value so that they do not interfere 
with the allocation of water among the alternative uses. This point brings 
the discussion to another apparent inconsistency. The marginal value 
product of water in the Cottonwood Area in September, CA9, is 0.058 
dollars per acre foot. It was observed above that the price of the last 
unit of water required for irrigation in the activity CA0005 was 0.05 
dollars; check the demand curve for water in the Cottonwood Area reported 
in Table 62. It was also noted that the marginal value product of an 
additional unit, acre foot, of water in the Cottonwood Area in September, 
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CA9, was 0.058 dollars. How is it possible that the marginal value 
product of an additional unit of CA9 is 0.058 dollars when the last 
acre foot of water required for irrigation in the activity CA0005 had a 
price of only 0.05 dollars? The answer lies in the specification of the 
units of account for the water. One acre foot of water required by the 
irrigation activities in the Cottonwood Area consists of water in the 
following quantities and months (see activity (MWDCA) in Chapter 10 for 
this distribution): 
Water ac. ft. MVP (per ac. ft.) Value 
CA4 0.026848 0.00000 0.0000 
CA5 0.135817 0.00000 0.0000 
CA6 0.243866 0.01276 0.0031 
CA7 0.261746 0.02658 0.0070 
CA8 0.192542 0.04158 0.0080 
CA9 0.110148 0.05783 0.0064 
CAIO 0.029033 0.00000 0.0000 
Total 1.00000 0.0245 
Since the total value (cost) of the acre foot of water is less than 
the price of the last unit used in activity CA0005 the objective function 
of the model is increased by the inclusion of inter-month water transfers 
in the optimal solution of the model and the use of the water in activity 
CA0005. 
The marginal value product of water in Cottonwood and Seely Creeks 
is derived as a result of the use of the water in the Cottonwood Area. 
Consequently the value of an additional acre foot of water in Cottonwood 
Creek in August is 0,85 (0.04158) or 0.03534 dollars; where 0.85 is the 
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conveyance efficiency of the project canals in the Cottonwood Area and 
0.04158 is the marginal value product of an additional acre foot of water 
in the Cottonwood Area in August. Since the conveyance efficiency between 
the water flow gaging station on Seely Creek and the project canal diver­
sion points on the Cottonwood Creek is 0.95 the marginal value product of 
an additional acre foot of water in August in Seely Creek is (0.95) (0.85) 
(0.04158) or 0.03357 dollars. This value can be verified by the data in 
Table 126. 
Operation of irrigation facilities in the Huntington Area Three 
main topics will be discussed in this section. First the water flow 
through the project area will be analyzed. Secondly the extent of the 
water shortage will be analyzed. Finally the shadow prices on resource 
constraints will be analyzed. 
Water flow in the Huntington Area The water flow from the 
Huntington Area has been condensed from Table 126, Appendix D, into Table 
66. The water flow in the project area will be discussed as it appears in 
Table 66. Subsequently the degree of flexibility among irrigators in 
terms of the application of water over time will be discussed. 
The water at the Huntington Headwaters may either flow into Huntington 
Creek, represented by activity set HHHC, or may partially be retained in 
the small reservoirs in the Huntington Area, as shown by the activity set 
HHSR. The water in the small reservoirs may either be retained in the 
reservoirs by the inter-month water transfer activity set SRSR or else be 
allowed to flow into the Huntington Creek by activity set SRHC. 
The operation of the small reservoirs is constrained by the aggregate 
active capacity of the dams and this constraint was built into the 
Table 66. Operation of the irrigation project facilities in the Huntington Area under Alternative 
A for resource constraints associated with 1930® 
Identification (1) (2) (3) (4) (5) (6) (7) (8) 
Row (resource constraint) 
or column (activity) set 1 
HH HHSR SD HHHC SRSR SRHC HCHl HCHl 
Month 
Initial - - 1,808 - - 1,808 - - -- -  -
January 2,000 2,000 2,408 0 2,408 0 — — — — 
February 2,100 2,100 3,038 0 3,038 0 — 
March 2,900 2,900 3,908 0 3,908 0 —  - -  —  
April 9,300 9,300 6,698 0 6,698 0 599 1,875 
May 16,300 16,300 11,588 0 11,588 0 1,432 3,624 
June 9,900 7,707 13,900 2,193 13,900 0 2,540 0 
July 4,000 0 13,900 4,000 9,833 4,067 6,396 0 
August 1,600 0 9,833 1,600 2,173 7,660 4,612 0 
September 2,700 0 2,173 2,700 0 2,173 2,418 0 
October 2,900 2,900 870 0 870 0 647 0 
November 2,600 2,600 1,650 0 1,650 0 -  - - -
December 2,500 2,500 2,400 0 2,400 0 -  -
End 2,400 - - 2,400 -  - -  -
Total - - -  - - -
T^able 126, Appendix D. 
Table 66. Continued 
Identification 
Row (resource constraint) 
or column (activity) set . , 
HCH2 HCH2^  HCH3 HCH3 SPHC 
Month 
Initial 
January -  - - - 400 
February - - 470 
March -  - - - -  - -  - 1,030 
April 380 2,121 230 1,305 0 
May 0 3,917 0 2,436 0 
June 0 4,204 0 844 0 
July 2,871 0 1,671 0 0 
August 1,527 0 1,777 0 0 
September 0 0 927 0 0 
October 410 0 248 0 724 
November ~  - - - 820 
December •> — — - - - — — 750 
End 
Total 
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regional water allocation model as the set of dam constraints SD. The dam 
constraint was set at 13,900 for each month of the year. The amount of 
water held over in the dam from the previous month plus the inflow of 
water within the month cannot exceed the reservoir capacity. The amount 
of water stored in the reservoir at the beginning of January was 1808 acre 
feet. The inflow into the reservoir, via activity HHSRl, was (0.3) (2000) 
or 600 acre feet. Thus there was 2408 acre feet of water available in the 
small reservoir in January which could be released that month for alterna­
tive water uses. No water is released from the small reservoir until July, 
Table 66, and the amount of water in the reservoir increases from January 
through June. The amount of water in the reservoirs which is transferred 
from one month to the next is indicated by the level of activity set SRSR. 
Activity SRSR6 comes in at a level of 13,900 units, see Table 66, showing 
that 13,900 acre feet of water was carried over in the small reservoir 
from June until July. Activity SRSR7 comes in at a level of only 9833 
units because of the water release from storage, activity SRHC7, and no 
inflow into the reservoir, HHSR7, is zero. 
The operation of the small reservoirs in terms of inter-month water 
transfers, the level of the activity set SRSR, for the forty-year period 
simulated in this study could be shown in a figure similar to the hydro-
graph for Joes Valley Reservoir (61, p. 70). The operation of storage 
facilities in 1930 (Table 126, Appendix D), appear to be typical of all 
18 years. 
Figures for all dam operations simulated in this study were made 
for the author's observation. 
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Water which was not used in the Huntington Area flows down Huntington 
Creek and out of the project area by the activity set SPHC. Water is thus 
disposed of in January, February, March, October, November and December. 
This water is not required for water uses in those months and cannot be 
stored in the small reservoirs because, as defined in the set of water 
storage activities HHSR, the small dams are located such that hydrologically 
only thirty percent of the water which originates in the Huntington Area 
can be stored in them. 
In order to try to meet the water requirements in the Huntington 
Area, water is transferred from Huntington Creek to farm weirs by two 
different sets of water transfer activities for each of the three sub-
areas in the Huntington Area, Table 66, columns (7) through (12). HCHl 
is a set of activities which require water from Huntington Creek in a 
given month and meet water requirements in Huntington Area 1 the same 
month. HCHl^  is a set of activities which require water from Huntington 
Creek one month and uses the water for irrigation in Huntington Area 1 the 
same month but the water is stored in the soil and becomes available to the 
plants the subsequent month. The activity sets HCH2 and HCH2^  have similar 
interpretations but with respect to Huntington Area 2. HCH3 and HCH3^  have 
similar interpretations with respect to Huntington Area 3. 
The data in Table 66 show that 599 acre feet of water were diverted 
from Huntington Creek in April to meet April water requirements in 
Huntington Area 1. Since the canal efficiency is 83 percent, 497 acre 
feet of water was delivered to farm weirs. Twenty-four acre feet was 
used for noncrop production uses, activity HIFARM in Table 126, and 473 
acre feet were used for irrigation. In April another 1875 acre feet of 
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water were diverted from Huntington Creek and transferred to the 
Huntington Area, at which point it was only 1468 acre feet, where it was 
used for irrigation. The water was stored in the soil and used by crops 
in May. 
The inter-month water transfer as soil moisture for other months 
and other areas could be discussed in a similar manner. 
Water shortages in the Huntington Area The water require­
ments for noncrop production uses are met in the Huntington Area and will 
require no further explanation except as required to illustrate the 
irrigation water shortages. 
The water shortages in the Huntington Area and the Cottonwood Area 
are summarized in Table 67. While there is no water shortage in the 
Cottonwood Area there is a water shortage in the Huntington Area. 
Interpretation of marginal value product of water in the 
Huntington Area Four points about the shadow price will be explained 
in this section. First, the data in Table 67 show that the marginal value 
product of an additional acre foot of water is the same in Huntington Area 
1, Huntington Area 2 and Huntington Area 3. This is true because the small 
reservoirs, the stream flow in Huntington Creek and efficiency of canals 
affects all three Huntington Areas equally as far as water availability 
is concerned. If the canal efficiency for example were different in 
Huntington Area 3 than in Huntington Area 1 or Huntington Area 2, then 
this difference would be reflected in the marginal value product of the 
areas. This type of detail could have been built into the model. The 
irrigation activities which are in the optimal solution are H10416 at a 
level of 1.0, H20416 at a level of 0.64863, H20412 at a level of 0.35137 
Table 67. Water shortage and marginal value product of water in project areas in 1930 
Alternative A 
Project area 
Cottonwood Area 
Huntington Area 1 
Huntington Area 2 
Huntington Area 3 
Total 
irrigation 
water require­
ment^  (acre 
feet) 
22,466 
25,554 
14,845 
9,924 
Water Water 
available shortage 
(acre (acre 
feet) feet) 
22,466: 
19,201 
1J.,642J 
7,456" 
0 
6,353 
3,203 
2,468 
Alternative B 
Marginal Water Water Marginal 
value available shortage value 
product (acre (acre product of 
of water feet) feet) water 
0.024 
4.1168 
4.116% 
4.116° 
22,466" 
25,554, 
14,8451 
9,924? 
0 
0 
0 
0 
0.002 
0.002^ 
m 0.002 
0.0029 
A^mount of water required such that the marginal 
value product of an additional acre foot is zero 
when no inter-month water transfer occurs as soil 
moisture, i.e. no activities from the CCCA set, 
etc.). 
L^evel of activity MWDCA times 100 (from Table 62). 
'^ Shadow price on accounting row WCA in Table 62. 
L^evel of activity MWDCA times 100 (from Table 69). 
S^hadow price on accounting row WCA in Table 69. 
L^evel of activity MMDHl times 100 (from Table 62). 
S^hadow price on accounting row WHl in Table 62. 
\evel of activity MWDHl times 100 (from Table 69). 
S^hadow price on accounting row WHl in Table 69. 
•^ Level of activity MWDH2 times 100 (from Table 62). 
Shadow price on accounting row WH2 in 
Table 62. 
L^evel of activity MWDH2 times 100 (from 
Table 69). 
""shadow price on accounting row WH2 in 
Table 69. 
L^evel of activity MWDH3 times 100 (from 
Table 62). 
S^hadow price on accounting row WH2 in 
Table 62. 
L^evel of activity MWDH3 times 100 (from 
Table 69). 
Shadow price on accounting row WH3 im 
Table 69. 
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and H30416 at a level of 1.0. Additional water which is available for 
irrigation in the Huntington Area would have been used to increase the 
level of activity H20412. However, the fact that H20412 entered the bases 
of the optimal solution rather than H10412 or H30412 is merely a matter of 
chance. The fact that the shadow prices are equal in all three Huntington 
Areas reflects this condition. Additional water used in Huntington Area 1 
would be used for activity H10412 and additional water in Huntington Area 
3 would be used for activity H30412. 
The second point to be stressed is the relationship between the 
shadow prices of water and the name of irrigation activity which would use 
the water. In the solution for the 1930 data additional water in the 
Huntington Area would be used in activity H20412 and the shadow price 
would be 4.116 dollars per acre foot, as shown in Table 67. The value of 
an additional acre foot of water in the Huntington Area is also shown in 
the activity name, H20412, because by construction, see Chapter 10, the 
H2 represents Huntington Area 2 and 0412 is 4.12 dollars per acre foot. 
The difference in value of shadow price reported in the activity name and 
reported in Table 67 is due to rounding. 
The third point will be to show the relationship of the marginal value 
product of water in the Cottonwood Area in various months to the marginal 
value product of an additional acre foot of water which can be used in one 
of the irrigation activities for the Huntington Area. An acre foot of 
water for irrigation activities in the Huntington Area has a distribution 
with respect to time and value as calculated in Table 68. The computed 
shadow price for an additional unit of WH2 in Table 68 agrees with the 
value in Table 125. 
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Table 68. Relationship between one acre foot of water required for 
irrigation in the Huntington Area and water in the Huntington 
Areas with respect, to quantity and marginal value product 
Month 
Water requirement 
for one acre foot 
of water for irriga­
tion activities 
(acre feet) 
Marginal value 
product of an 
additional acre 
foot of water^  
Product of 
columns two 
and three 
January 0.000000 0.00000 
February 0.000000 0.00000 
March 0.000000 0.00000 
April 0.024662 3.64666 0.08993 
May 0.133784 3,87833 0.51886 
June 0.251373 4.12390 1.03664 
July 0.269805 4.38421 1.18288 
August 0.193792 4.38409 0.84960 
September 0.099928 4.38397 0.43808 
October 0.026656 0.00000 0.00000 
November 0.000000 0.00000 0.00000 
December 0.000000 0.00000 0.00000 
Total 1.000000 4.11599 
T^his distribution of water was obtained from the specification of 
activity MWDH2 in Chapter 10. 
T^hese marginal value products were obtained from the appropriate 
accounting rows in Table 126. 
The fourth point is to show the relationship among the shadow prices 
of water which exist at any particular time at different locations in the 
Huntington Area. As discussed above the shadow prices of water in 
Huntington Areas 1, 2 and 3 are the same in any given time period due to 
the specification of the irrigation demand curves and the constraints 
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affecting the supply of water. However, the marginal value product of 
water at other locations within the Huntington Area will be different due 
to canal efficiencies, etc. The shadow prices which exist at different 
locations will be discussed for July. In Huntington Area 1 the marginal 
value product of water in June, accounting row H17, is 4.384, see Table 
125. Since the project canal efficiency is 83 percent the shadow price of 
water in Huntington Creek should be (0.83) (4.384) or 3.639 dollars per 
acre foot in July. This shadow price for water in Huntington Creek in 
July can be verified as the shadow price on accounting row HC7 in Table 
125. The water allocation model was constructed assuming that the water 
loss in storage in the small reservoirs, SR7 in Table 125, and water at 
Huntington Headwaters, HH7 in Table 125, has the same shadow price as 
water in Huntington Creek in July. 
Project operation under Alternative B ("with project situation") 
The project operation was simulated for a forty-year period using the 
historical stream flow data. The irrigation structures that have been 
added and are considered operational in this study are listed in Table 60. 
The 50,000 acre foot capacity of the Joes Valley Dam and Reservoir 
facilitate inter-month and inter-year water transfer in the Cottonwood 
Area. Swasey Diversion Dam and Cottonwood Creek-Huntington Canal 
facilitate inter-area water transfer from the Cottonwood Area to the 
Huntington Area. In addition to the Small Reservoirs to facilitate inter-
month and inter-year water transfer in the Huntington Area and the 
Huntington North Dam and Reservoir will also serve this purpose. The 
operation of the irrigation project considers use of water for non-
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irrigation and irrigation uses in the Cottonwood Area, Huntington Area 
1, Huntington Area 2 and Huntington Area 3 simultaneously. 
The procedure here will be to analyze the operation of the project 
using the 1930 water data. The solution for the project operation is 
reported in Table 127, Appendix D. 
Irrigation activities in the optimal solution The irrigation 
activities in the optimal solution for the forty years of project operation 
which were simulated are recorded in Table 69. The solution for the 1930 
water flow data show that the irrigation activities which entered the 
optimal solution were H10002, H20002, H30002 and CA0005 each at a level 
of 1.0. 
Water shortages in the project area The nonirrigation water 
requirements are met and will not be discussed further. There are no 
water shortages in the project area under Alternative B, see Table 67, 
consequently the marginal value product of water in irrigation activities 
is zero. The marginal value product of water in the four irrigation areas 
shown in Table 67 results from prices associated with water storage 
activities. 
Inter-temporal and inter-spatial water flows The procedure will 
be to discuss each of the water transfers shown in Table 70 and note some 
general conclusions. 
Water in Seely Creek, SC, may be stored in Joes Valley Reservoir, JR, 
by activity set SCJR or flow into Cottonwood Creek, CC, by activity set 
SCCC. Water may be released from Joes Valley Reservoir into Cottonwood 
Creek by activity set JRCC. The water flow in Cottonwood Creek was 
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Table 69. Irrigation water use by area with project davalopsient^  
Huntington Area Cottonwood Area 
Activity Activity Activity Activity 
Year HI Level H2 Level H3 Level CA Level 
1920 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1921 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1922 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1923 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1924 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1925 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1926 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1927 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1928 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1929 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1930 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1931 0218 
0212 
.79291 
.20709 
0205 1.00000 0206 1.00000 0182 1.00000 
1932 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1933 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1934 0496 
0494 
.49946 
.50054 
0450 1.00000 0450 1.00000 0397 1.00000 
1935 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1936 0002 1.00000 0002 1.00000 0002 1.00000 0005 I.00000 
1937 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1?38 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1939 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1940 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1941 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1942 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1943 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1944 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1945 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1946 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
1947 0002 1.00000 0002 1.00000 0002 1.00000 0005 1.00000 
D^iscussed in text on page 274. 
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Table 69. Continued 
Huntington Area Cottonwood Area 
Activity Activity Activity Activity 
Year HI Level H2 Level H3 Level CA Level 
1948 0002 1 .00000 0002 1. 00000 0002 1, .00000 0005 1 ,00000 
1949 0002 1 .00000 0002 1. 00000 0002 1 .00000 0005 1 .00000 
1950 0002 1 .00000 0002 1. 00000 0002 1 .00000 0005 1 .00000 
1951 0002 1 .00000 0002 1. 00000 0002 1 .00000 0005 1 .00000 
1952 0002 1 .00000 0002 1. 00000 0002 1 .00000 0005 1 .00000 
1953 0002 1 .00000 0002 1. 00000 0002 1 .00000 0005 1 .00000 
1954 0002 1 .00000 0002 1. 00000 0002 1 .00000 0005 1 .00000 
1955 0002 1 .00000 0002 1. 00000 0002 1 .00000 0005 1 .00000 
1956 0090 
0088 
.69639 
.30361 
0086 1. 00000 0088 1 .00000 0079 1 .00000 
1957 0002 1 .00000 0002 1. ,00000 0002 1 .00000 0005 1 .00000 
1958 0002 1 .00000 0002 1. ,00000 0002 1 .00000 0005 1 .00000 
1959 0002 1 .00000 0002 1. ,00000 0002 1 .00000 0005 1 .00000 
inadequate to meet the demand for water in Cottonwood Creek in all months. 
Consequently water was released from Joes Valley Reservoir or else water 
from Seely Creek was bypassed to meet the water requirement in Cottonwood 
Creek. The storable flow of Seely Creek which can be retained in Joes 
Valley Reservoir and net releases from Joes Valley Reservoir may be obtained 
by subtracting the level of activity set JRCC from the level of activity 
set SCCC. In addition to water storage in and release from Joes Valley 
Reservoir there is a water loss due to evaporation. The net result of 
water storage, water release and evaporation from Joes Valley Reservoir, 
Table 70, Operation of the irrigation project in Emery County under Alternative B for resource 
constraints associated with 1930 
Identification (1) (2) 0 )  (4) (5) (6) (7) (8) (9) (10) 
Row (Resource constraint) 
or column (Activity) 1 
set SO SCJR sccc JD JRCC SPCC JRJR CCCA CCCA CCHA HAH2 
Month 
Initial -  - - - 34,093 - - — 34,093 -  - — — 0 - -
January 1,000 557 442 34,651 0 0 34,648 — 0 
February 1,000 557 442 35,200 0 0 35,197 -  - — 0 - -
March 1,900 1,610 289 36,802 0 0 36,770 - - 0 
April 6,800 6,800 0 43,451 1,082 0 42,369 743 0 0 0 
May 14,000 7,744 6,255 50,000 0 0 49,839 3,712 0 2,330 468 
June 12,500 426 12,073 50,000 0 0 49,794 6,612 0 5,482 4,665 
July 4,300 0 4,300 49,456 9,937 0 39,314 7,097 0 7,043 5,007 
August 2,600 0 2,600 39,047 9,387 0 29,478 5,239 0 6,778 3,618 
September 1,900 1,900 0 31,201 6,788 0 24,256 3,035 0 3,608 1,913 
October 1,800 1,800 0 25,930 840 0 24,994 803 0 0 0 
November 1,400 1,084 315 25,998 0 0 25,958 -  —  0 
December 1,100 1,100 0 27,023 331 0 26,688 -  - 0 -  -
End —  —  - - -  - 26,684 — — -  —  26,688 —  —  —  —  — -  -
Table 70. Continued 
Identification (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) 
Row (Resource constraint) 
or column (Activity) 
set HAH3 HANR ND NRNR NRH3 cc HH HHSR SD SRSR SRHC 
Month 
Initial -  - 0 770 770 - - — — 12,150 12,150 -  -
January -  - 0 1,170 1,168 150 2,000 2,000 12,750 12,750 0 
February 0 1,987 1,986 -  - 150 2,100 932 13,030 13,030 0 
March -  - 0 3,100 3,077 - - 295 2,900 2,900 13,900 13,816 84 
April 0 0 3,100 3,043 0 0 9,300 281 13,900 13,900 0 
May 1,629 0 3,100 2,987 0 100 16,300 0 13,900 13,900 0 
June 155 112 3,100 2,083 872 625 9,900 0 13,900 13,900 0 
July 1,331 0 2,082 0 1,937 615 4,000 0 13,900 9,439 4,460 
August 0 2,481 2,481 0 2,353 630 1,600 0 9,439 4,943 4,495 
September 1,224 0 110 0 0 195 2,700 0 4,943 4,460 483 
October 0 0 337 269 0 290 2,900 2,900 5,330 5,330 0 
November 0 1,088 1,061 — 270 2,600 2,600 6,110 6,110 0 
December -  - 0 1,811 1,809 255 2,500 2,500 6,860 6,860 0 
End -  - - " 1,808 - - -  - - - -  - - - 6,860 6,860 -  -
Total 
Table 70. Continued 
Identification (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) 
Row (Resource constraint) 
or column (Activity) 1 I  
set HHHC SPHC HCHl HCHl^ HCH2 HCH2 HCH3 HCH3^ HCNR 
Month 
Initial -  - - - - - -  - - - — -  - -  -
January 0 0 - -  - - - -  - 400 
February 1,167 0 — —  - - — 820 
March 0 0 - - -  - — -  - -  - 1,114 
April 9,018 7,626 788 0 475 0 302 0 23 
May 16,300 9,968 4,224 0 2,049 0 0 0 57 
June 9,900 0 7,882 0 0 0 2,017 0 0 
July 4,000 0 8,460 0 0 0 0 0 0 
August 1,600 0 6,095 0 0 0 0 0 0 
September 2,700 0 3,183 0 0 0 0 0 0 
October 0 0 851 0 513 0 327 0 337 
November 0 0 - •" - - — -  - - - — 820 
December 0 0 — •• — — M — — — — — — 750 
End -- - - --
Total -- 0 
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is reflected in the inter-month water transfers in Joes Valley Reservoir 
shown by the level of activity set JRJR. 
Operation of Joes Valley Reservoir The operation of Joes 
Valley Reservoir in terms of inter-month and inter-year water transfers, 
the level of activity set JRJR, for the forty-year period simulated in 
this study could be shown in a figure similar to the hydrograph in the 
Bureau study (61, p. 80). 
Cottonwood Creek to Cottonwood Area water transfer The water 
transfer from project diversion weirs to farm weirs takes place by activity 
CCCA. There are no inter-month water transfers by means of storing soil 
moisture, that is the activity set CCCA^ is always equal to zero. 
Cottonwood Creek Huntington Area water transfer The number 
of acre feet of water, diverted from the Cottonwood Creek by Swasey 
Diversion Dam, which was destined for the Huntington Area, via the Cotton­
wood Creek-Huntington Canal, is shown by the level of the activity set 
CCHA. The canal efficiency is ninety percent consequently there is a ten 
percent reduction in the number of acre feet which arrive in the Huntington 
Area and are available for use in Huntington Area 2, Huntington Area 3 or 
storage in the North Huntington Reservoir. Table 70 contains data which 
show how the water was distributed among the three alternatives mentioned 
above. Two facts need to be discussed. First, the water transferred from 
the Huntington Area to the North Reservoir, activity set HANR, is 
immediately released from the North Reservoir for use in Huntington Area 3. 
Consequently, the level of the activity set HANR could just as well have 
appeared as an increase in the level of activity set HAH3, water transfer 
from the Huntington Area to Huntington Area 3. However, this would have 
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necessitated a change in water releases from the Huntington North Reservoir 
in July which would have repercussions on other activities. 
The second point relates to allocation of water in the Huntington Area 
to Huntington Area 2 and Huntington Area 3. The allocation of water in 
the Huntington Area which is shown in Table 70 is only one of many possible 
alternatives. Due to the facts (a) that the water in the Huntington Area 
and water from Huntington Creek are perfect substitutes in both Huntington 
Area 2 and 3 and (b) the canal efficiencies are the same in Huntington Area 
2 and Huntington Area 3, the water available for irrigation in the 
Huntington Area may be allocated between the two areas in various combina­
tions as long as compensating shifts can be made in the allocation of water 
from Huntington Creek to the two areas. This possibility of using water 
from different sources in two different irrigation areas allows flexibility 
in the project operation. 
Operation of the small reservoirs Water at the Huntington 
Headwaters either flows into the Small Reservoirs or into Huntington Creek. 
The amount of water which flows from Huntington Headwaters into the Small 
Reservoirs is 0.3 times the level of activity set HHSR. The water released 
from the Small Reservoirs is shown by the level of activity SRHC. 
Consequently the net change in the quantity of water stored in the small 
reservoirs could be calculated as (0.3) HHSR - SRHC. The quantity of 
water carried over in the Small Reservoirs from the end of 1929 to January 
1, 1930 was 12,150 acre feet. The operation of the Small Reservoirs in 
terms of inter-month water transfer is shown by the level of activity set 
SRSR. 
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In the 1930 solution the maximum active capacity of tha Small 
Reservoirs was reached in April, No water was released from the Small 
Reservoirs until July when 4460 acre feet were released into Huntington 
Creek to help meet the water requirements in Huntington Area 1. The model 
was designed so that water in the Small Reservoirs would be released only 
to meet water requirements in Huntington Area 1 unless all other water 
including water stored in the North Huntington Reservoir and Joes Valley 
Reservoir were inadequate to meet water requirements elsewhere in the 
project. Analysis of the 1930 data showed that there was adequate water 
that year in the North Huntington Reservoir and Joes Valley Reservoir to 
meet water requirements elsewhere in the project. The fact that the water 
releases from the Small Reservoirs were used for irrigation in Huntington 
Area 1 can be verified by the water flow data in Table 70. For example, 
in July the amount of water released from the Small Reservoirs was 4460 
acre feet while the amount of water which flowed into Huntington Creek from 
Huntington Headwaters was 4000 acre feet. All the water flow in Huntington 
Creek in July, 8460 acre feet, was transferred to Huntington Area 1, see 
Table 70. 
There was surplus water in the Small Reservoirs at the end of all 
months in 1930. 
Operation of North Huntington Reservoir The water flow in 
Huntington Creek which could not be used in Huntington Area 1 or stored in 
the Small Reservoirs was available for storage in the North Huntington 
Reservoir, or to meet water requirements in Huntington Area 1 and Huntington 
Area 2. The operation of North Huntington Reservoir shows that 770 acre 
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feet were stored over ::rom the end of 1929 to January 1 of 1930. The 
North Huntington Reservoir reached maximum capacity in March. However, 
there was some water flow from Huntington Creek into North Huntington 
Reservoir to replace the water lost due to evaporation. There were no water 
releases from the North Huntington Reservoir until June when the water frcn; 
Huntington Creek which was not used in Huntington Area 1 plus the water 
from Cottonwood Creek which could not be stored in Joes Valley Reservoir 
or used in the Cottonwood Area was inadequate to meet the water requirements 
in Huntington Area 1 and Huntington Area 2. In June, 5482 acre feet of water 
which had no alternative use in the Cottonwood Area were diverted from 
Cottonwood Creek to the Huntington Area. In addition there were 760 acre 
feet of stored water diverted from the North Huntington Reservoir for use 
in Huntington Area 3 in June. The remainder of the active water in North 
Huntington Reservoir is used for irrigation in Huntington Area 3 in July. 
Interpretation of marginal value product of water As will be 
recalled from data. Table 67, and earlier discussions, the water require­
ments are met in the project for the 1930 data, consequently additional 
water used for irrigation or other purposes would have zero marginal value 
product. However, due to the inclusion of small positive prices on the 
inter-month water storage activities associated with the reservoirs, small 
shadow prices appear on water accounting rows corresponding to water in 
most of the locations and most of the time periods, see Table 177. 
The reason why the shadow prices have the values given in Table 177 
will not be discussed. However, the shadow prices on Joes Valley Reservoir 
will be briefly discussed and the relationship among shadow prices on water 
at different locations in the project at the same time period will be 
284 
discussed. 
The shadow prices on the inter-month water transfer activities were 
designed so that water stored in January and transferred to February would 
increase the objective function more than water stored in February and 
transferred to March. The shadow prices on water in Joes Valley Reservoir 
reflect this condition because water in January, JRl, is worth 0.00040 
dollars while water in February is only worth 0.00030 dollars. 
The possibility of water transfer from Cottonwood Creek for use in 
Huntington Area 2 and Huntington Area 3 causes a certain degree of inter­
dependence between the water users in the Huntington Creek Watershed and 
water users in the Cottonwood Creek Watershed. If water could be transferred 
both ways in the Cottonwood Creek-Huntington Canal, or similar canal, then 
the water users in the two areas would be completely interdependent. 
However, given the land to water ratios which exist in the Cottonwood Creek 
Watershed and Huntington Creek Watershed, the movement of water is always 
from the former to the latter. Consequently, the value of water at 
different locations and time periods in the Cottonwood Watershed will 
reflect the value of water in irrigation activities in Huntington Area 2 
and Huntington Area 3. Since the value of water will be the same in 
Huntington Area 2 as in Huntington Area 3 for all time periods, only the 
value of water in Huntington Area 3 need be discussed in conjunction with 
the prices elsewhere. Huntington Area 3 is chosen because additional water 
in Huntington Area 3 in April, H34, and May, H35, has zero marginal value 
product because the Small Reservoirs and North Huntington Reservoir are 
full of water and all water use requirements in the Huntington Creek 
Watershed are met. Consequently water which is not used in the project 
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area is shown by the levels of activities SPHC4 and SPHC5. Note that 
additional water from Huntington Creek could have been used in Huntington 
Areas 2 and 3 in May and some of the water not used in project area would 
have been shown as the leVel of activity SPCC5. In April the shadow price 
on water in Joes Valley Reservoir, JR4, is 0.0001 because additional units 
of water can be stored over in Reservoir until May. 
The marginal value product of water in Huntington Area 3 in June, H36, 
is 0.00233 because water must be released from North Huntington Reservoir 
to meet water requirements for irrigation. The marginal value product of 
water in storage in the North Huntington Reservoir in June is (0.83) 
(0.00233), where 0.83 is the canal efficiency between the reservoir and 
Huntington Area 3. The marginal value product of water elsewhere in the 
project in June can be calculated from the shadow price of water in 
Huntington Area 3 by correcting for conveyance losses. 
Comparison of water shortages under Alternative A and B 
The data from Table 62 and 69 has been summarized into Table 71 to 
facilitate a comparison between the water shortages which exist under 
Alternative A and Alternative B. There are a number of facts which need to 
be discussed with respect to the water shortages and shadow prices. 
Price range for normative demand curve analysis A problem exists 
in analyzing irrigation projects by deriving normative demand curves for 
farm firms and then aggregating to make a comparison with available water 
flow. It is not known before the analysis is completed what price range 
should be used in deriving the firms' normative water demand curves. In 
this analysis an upper price of 12.00 dollars an acre foot was arbitrarily 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
Project water shortages under Alternative A and Alternative 
Huntington Area Cottonwood Area 
Alternative A Alternative B Alternative A Alternative B 
M.V.P. Shortage M.V.P, Shortage M.V.P, Shortage M.V.F. Shortage 
dollars acre feet dollars acre feet dollars acre feet dollars acre feet 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
11.72 24,307 
5.65 11,749 
4.12 10,950 
0.04 73 
1.31 997 
0.00 0 
4.12 12,008 
12.00 27,833 
2.58 4,553 
2.58 4,395 
12.00 37,442 
2.63 5,477 
0.02 2 
0.02 57 
2.24 2,782 
5.48 16,530 
4.09 11,793 
0.00 0 
0.02 2 
3.97 7,312 
0.02 15 
2.54 5,030 
4.09 11,333 
2.27 2,852 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
2.12 2,598 
0.00 0 
0.00 0 
4.94 13,902 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
4.42 7,752 
1.13 324 
5.32 8,780 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
5.32 9,162 
0.00 0 
0.00 0 
12.00 15,574 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
3.70 4,706 
3.70 5,161 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
2.21 3,311 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
1.82 2,377 
0.00 0 
0.00 0 
3.97 7,460 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
1948 6.07 19,668 0.00 
1949 0.02 2 0.00 
1950 4.09 7,892 0.00 
1951 2.12 2,673 0.00 
1952 0.00 0 0.00 
1953 1.56 1,161 0.00 
1954 8.34 23,082 0.00 
1955 6.07 19,310 0.00 
1956 4.96 14,325 0.88 
1957 0.00 0 0.00 
1958 0.00 0 0.00 
1959 12.00 27,172 0.00 
Total 
Average 
^Tables 62 and 69. 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 3.23 
0 0.00 
343 1.56 
0 0.00 
0 0.00 
0 3.70 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.79 159 
0.00 0 
0.00 0 
0.00 0 
0 
0 
0 
0 
0 
0 
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0 
708 
0 
0 
956 
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chosen. As an analysis of the results of the regional model show. Table 
62, there was an inadequate water supply in three of the forty years to 
meet irrigation and nonirrigation water demand which existed in the 
Huntington Area at a price of 12,00 dollars an acre foot delivered to farm 
canals. The three years were 1931, 1934 and 1959. In actual project 
operation the water available would have to be allocated to the three 
Huntington Areas on the basis of a certain proportion of demand. In 1931 
only 22,474 acre feet of water was available for irrigation in the 
Huntington Areas. Since 50.7 percent of the irrigable land and water 
demand exist in Huntington Area 1, that percent of the water available for 
irrigation should be allocated to Huntington Area 1. 
In the Cottonwood Watershed in 1934 there was an inadequate water 
supply to meet the irrigation water demand which existed at 12.00 dollars 
an acre foot delivered to farm weirs. 
Water shortages The reduction in water shortages resulting from 
changing from Alternative A to Alternative B is quite dramatic, see Table 
71. In the Huntington Area there are water shortages in 31 or the 40 years 
simulated under Alternative A but shortages in only 3 of the 40 years 
under Alternative B. The reduction in water shortages in the Cottonwood 
Watershed are less dramatic although the occurrence of water shortages is 
reduced from 12 to three years. 
Water shortages under Alternative A In the Huntington Area 
there are water shortages in 31 of the 40 years simulated but there are 
water shortages in the Cottonwood Area in only 12 of the 40 years simulated. 
Since the Cottonwood Watershed and Huntington Watershed are hydrologically 
independent there is no relationship between the marginal value product of 
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water in the two watersheds. The only year in which the marginal value 
product of water is higher in the Cottonwood Creek Watershed than in the 
Huntington Creek Watershed is in 1926. In general the marginal value 
product of water is much lower in the Cottonwood Creek Watershed than in 
the Huntington Creek Watershed under project conditions described as 
Alternative A. 
Water shortages under Alternative B In two of three years 
when there was a water shortage in the Huntington Watershed, 1931 and 1934, 
the marginal value product of water was higher in Huntington Area 1 than in 
Huntington Area 2 or Huntington Area 3. In these two years water releases 
from the Small Reservoirs were used solely for irrigation in Huntington 
Area 1. In addition, in these two years, two inter-month water transfer 
activities, HC4H15 and HC5H16, entered the optimal solution at a non­
zero level. Activity HC4H15 requires water from Huntington Creek in 
April which is applied to the land in April but stored as soil moisture 
until required by crops in May. Similarly HC5H16 requires water in May 
which is used by crops in June. In spite of these inter-month water 
transfers as soil moisture and use of all water in the Small Reservoirs in 
Huntington Area I the percentage of water shortage was greater in 
Huntington Area 1 than in Huntington Area 2. 
In the Cottonwood Area there were water shortages in 1931, 1934 and 
1956 which are the same years there were water shortages in the Huntington 
Watershed. The relationship between the marginal value product of water in 
the Cottonwood Watershed and the marginal value product of water in 
Huntington Areas 2 and 3 reflect the differences in canal efficiencies 
within the Areas and the water loss in the Cottonwood Creek Huntington Canal. 
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Alternative strategy for operation of project under Alternative B 
The problem of optimum inter-year water transfer The data in Table 
71 were discussed previously and it was noted that under project condi­
tions, Alternative B, there were only three years in which there were 
water shortages. The project was operated such that in any given year 
water was used for irrigation as long as the marginal value product of 
water is greater than zero. The question which arises is could have the 
direct irrigation benefits been further increased and water shortages 
reduced to a greater extent by a water policy which allowed for conserving 
water in the reservoirs under certain conditions rather than using it 
until marginal value product was zero. The water in the reservoir would 
be used for irrigation in a later year when water flows were reduced and 
marginal value product of water is higher. This is a potentially very 
important but will not be pursued here due to time constraints. However, 
in project similar to the one under consideration here, the problem of 
optimal water carryover may be very important. This problem is related to 
the problem of optimum dam size. 
Operation of storage facilities In the analysis of project 
conditions for Alternative B the small reservoirs were operated solely for 
supplying water to Huntington Area 1, except for one situation. If the 
Huntington North Reservoir and Joes Valley Reservoir became depleted of 
water so that the marginal value product of water would be greater in 
Huntington Area 3 or 2 than in Huntington Area 1, then some water from the 
small reservoirs would be used in Huntington Area 2 and/or Huntington Area 
3. 
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One possible change in this strategy would be for water from the 
small reservoirs which is in excess of water requirements in Huntington 
Area 1 to be released from storage to partially or completely meet 
irrigation water requirements in Huntington Area 2 and Huntington Area 3 
rather than the current procedure releasing water from Joes Valley 
Reservoir to meei part of the irrigation water requirement in Huntington 
Area 2 and Huntington Area 3. If the water in the small reservoirs in 
excess of the amount required to meet irrigation water requirements in 
Huntington Area 1 were inadequate to meet the water requirements in 
Huntington Areas 2 and 3, then water would be released from Joes Valley 
Reservoir to meet the remaining water requirement in Huntington Area 2 
and Huntington Area 3. This change in strategy would allow the small 
reservoirs to have a greater quantity of water stored and released for 
irrigation over the life of the project. In summary, this proposed change 
in procedure for project operation would reduce the quantity of water in 
Huntington Creek which is not used to meet irrigation of other water use 
requirements. However, there is a problem associated with water shortages 
in Huntington Area 1. Since a maximum thirty percent of the water 
originating at the Huntington Headwaters can be retained in the small 
reservoirs in years of low water flow there may be inadequate water in 
the small reservoirs even to meet the water requirements in Huntington 
Area 1. The years of low water flow and water shortages occur in the early 
1930's. Table 71, and mid 1950's. The proposed change in the operation 
procedure will not be analyzed here due to time constraints. 
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Project operation under rule allocation of water 
The model with which we have been concerned so far has assumed that 
the water would be allocated to maximize direct irrigation benefits sub­
ject to first satisfying nonirrigation water demand. However, the actual 
irrigation project has been set up such that water would be allocated on 
the basis of: (1) direct flow being used for irrigating all land with 
water rights; (2) stored water being used as supplementary water on 
irrigated land other than permanent pasture; and (3) under conditions where 
inter-watershed water transfer is possible all water requirements are met in 
the Cottonwood Watershed before water is transferred to the Huntington 
Watershed. This rule allocation of water results in a distribution of 
water that eliminates (a) intra-farm reallocation of water and (b) inter-
farm reallocation of water. The results from the previously described 
project operation under Alternative A and Alternative B can be used to 
determine the direct irrigation benefits which would accrue from inter-
farm reallocation of water given that: (a) intra-farm reallocation of 
water is permitted; (b) the inter-watershed water transfer which occurred 
under Alternative B above would occur again; (c) the monthly distribution 
of the aggregate irrigation water demand for farms in the Cottonwood Creek 
Watershed be invariant irrespective of whether or not inter-farm 
reallocation of water occurs; and (d) the monthly distribution of the 
aggregate irrigation water demand for farms in the Huntington Creek Water­
shed be invariant irrespective of whether or not inter-farm reallocation 
of water occurs. 
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Assumptions (c) and (d) are quite realistic because, first, the 
water requirements based on consumptive use of water is similar for all 
crops assumed to be grown in the area, see Chapter 4, and second the 
cropping pattern among farms is quite similar, see Chapter 7. 
Assumption (b) is not consistent with the procedures specified for 
rule allocation of water but permits an estimate gains from inter-farm 
reallocation of water given the inter-watershed transfers which occurred 
under Alternative B discussed above. This assumption allows the water 
project manager to operate the project exactly the same as was discussed 
above for Alternative B. 
The impact upon direct irrigation benefits of inter-farm water 
allocation will not be discussed because time does not permit it. Mean­
while the potential economic gains by all farmers from reallocation of 
water within the Huntington Creek Watershed under Alternative A is 
apparent from the previous discussion in Chapter 7. 
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CHAPTZR TWELVE. COST-BENEFIT ANALYSIS 
Introduction 
The alternatives for water resources development in Cottonwood Creek 
and Huntington Creek Watersheds are delineated in Table 72. In the chapter 
the benefits and costs relating to some of these alternatives are analyzed. 
The alternatives evaluated are specified in Table 73, as alternative project 
design sets, and discussed in the latter part of the chapter. 
The alternatives for water resource development indicated in Table 72 
fall into three broad classes. Under Class I the alternatives which are 
open to individual farmers are listed. These alternatives are intra-farm 
reallocation of water (and other resources) and land leveling. In the 
budgeting analysis (63) there is not an optimal allocation of water on the 
representative farms. However, in the solutions of the parametric linear 
program models the resources are always optimally allocated. Hence, in 
this study there is always an optimal intra-farm allocation of water in 
both watersheds. The land-leveling alternative is discussed in conjunction 
with alternative project design set one. Land leveling had occurred on 
farms included in this analysis. Consequently, the two farm alternatives, 
land leveling and intra-farm reallocation of resources, can be eliminated 
as far as specifying alternative project design sets are concerned. 
The third class of alternatives consists of inter-mountain water 
transfer in both watersheds. Throughout this study it is assumed that 
the inter-mountain water transfers take water out of the Cottonwood and 
Huntington Creek Watersheds. Consequently these transfers can be ommitted 
as far as specifying alternative project designs is concerned. However, 
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Table 72. Alternatives for water resources development in Cottonwood 
Creek and Huntington Creek Watersheds 
List of alternatives Alternatives* 
Class I. Farm alternatives 
1. Intra-farm reallocation of resources 
a, Cottonwood Watershed 2 
b. Huntington Watershed 2 
2. Level land 
a. Cottonwood Watershed 2 
b. Huntington Watershed 2 
Class II. Project alternatives 
1. Inter-farm reallocation of water 
a. Cottonwood Watershed 2 
b. Huntington Watershed 2 
2. Line canals and install drainage system 
a. Cottonwood Watershed 2 
b. Huntington Watershed 2 
3. North Huntington Dam and Canal 
System (3,100 ac. ft.) 2 
4. Joes Valley Dam 
5. Inter-watershed transfer system 
(Cottonwood Creek-Huntington Canal) 2 
6. Other structures n^ 
Class III. Other alternatives 
1. Discontinue inter-mountain water 
transfer? 
a. Cottonwood Watershed 
i) Ephraim Tunnel 2 
ii) Spring City Tunnel 2 
iii) Other diversions 2 
b. Huntington Watershed 2 
Total (Number of alternative project designs) m(2)^^ 
^Alternatives consists of Yes, No, or number of alternatives 
considered. 
^Unlimited number of sizes. 
^(63, Table 8, p. 17). 
Table 73. Alternative project design sets analyzed in this study classified by structure and by 
water use 
Structure 
Name 
Size 
(acre feet) 1 2 
Project 
3 4 
design 
5 
^a 
set 
6 7 8 9 
North Huntington Dam and Canal System 3,100 1 1 1 1 1 
Joes Valley Dam 6,000 I 
28,300 1 
40,000 1 
50,000 1 1 
50,000 1 
65,000 1 1 
Cottonwood Creek-Huntington Canal 1 1 1 
Water use 
Domestic, municipal and industrial 1 1 1 1 1 1 1 1 
Supplemental irrigation 
a. Cottonwood Watershed 1 1 1 1 1 
b. Huntington Watershed 1 1 1 1 1 1 
Recreation 1 1 1 1 1 1 
Fish and wildlife 1 1 1 1 1 
^One, (1), indicates that the structure or water use is included in the project design set. 
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the value of these transfers is estimated when project design set one is 
discussed. 
Class II contains alternatives for water resource development which 
involves complete watersheds. A number of dams and alternative project 
organizations, point 6 under Class II, were discussed in the Bureau Study. 
The analysis relating to these structures and alternatives is not included 
in this study. They are mentioned briefly in the summary. Inter-farm 
reallocation of water, point one in Class II, has been included throughout 
the project analysis because the water allocation model is constructed to 
facilitate this reallocation. The benefits from inter-farm reallocation 
of water is illustrated in Chapter 6. The canal lining and drainage system, 
point number two, was considered to exist throughout the analysis. The 
benefits from lining the canals was estimated below with the discussion on 
project design set one. Benefits from the drainage system are not 
estimated because no information is available on the quantity of land 
which would be "lost" for irrigation purposes if the system were not 
built. 
The alternatives for water resource development have thus been 
limited to the North Huntington Dam and Canal System, the inter-watershed 
transfer system and several sizes of Joes Valley Dam. There are 2 • 2 - m 
alternatives which can be analyzed. The two alternatives analyzed by the 
Bureau were analyzed as Alternative A and Alternative B in this study. 
The structure included in these alternatives are given in Table 60. 
Alternative A and B are described as project design set one and project 
design set two in Table 73. The other project design sets discussed in 
this study are defined in Table 73. The benefit-cost ratios derived by 
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analyzing the project design sets are given in Table 81. 
Project design set 1 
Project design set number 1 consists of the following alternatives. 
Table 73. 
Project design set 1 benefit-cost analysis There is no benefit-
cost analysis for project design set number 1 because this project design 
specified the base from which other project designs will be evaluated. 
However, using shadow prices one can comment on some of the structures 
included in Project Design Number 1. 
Benefits associated with land leveling on farms in the Cottonwood 
Watershed A lower limit on these benefits can be determined by 
multiplying the shadow prices of water in the watersheds by the quantity 
of water saved due to more "efficient" application. The lower limit on 
benefits for each the Huntington and Cottonwood Watersheds is expressed 
as "total value" for each of the forty years simulated. Table 74. The 
average total value is recorded in Table 74. The costs associated with 
land leveling and the benefit cost ratios will be discussed in more detail 
below. These estimated benefits are valid if this alternative is the only 
one of the alternatives included in the project design. The total value 
of water was determined as follows. 
The marginal value product of water reported in Table 74 was determined 
from the operation of the project. The water saved, W^, because the 
•farmers leveled their land was determined by (12.1). 
(48) W.. = (T. - S.. - Z.) E., where 
i j  J  i J  J  J  
Table 74. Quantity of water saved find benefits 
Huntington Watershed 
Water 
M.V.P. saved Total Total 
Year dollars (acre feet) value benefits 
1920 0.00 1,671 0 0 
1921 0.00 1,671 0 0 
1922 0.00 1,671 0 0 
1923 0.00 1,671 0 0 
1924 11.72 413 4,835 4,913 
1925 5.65 800 4,519 7,374 
1926 4.12 1,103 4,546 4,546 
1927 0.04 1,666 67 2,184 
1928 1.31 1,618 2,120 2,978 
1929 0.00 1,671 0 0 
1930 4.12 1,049 4,320 4,339 
1931 12.00 230 2,762 2,762 
1932 2.58 *b 3,639 
1933 2.58 1,442 3,720 3,778 
1934 12.00 0 0 0 
1935 2.63 1,388 3,650 3,937 
1936 0.02 1,670 33 2,035 
1937 0.02 1,667 33 2,150 
1938 2.24 1,526 3,418 4,160 
1939 5.48 815 4,465 5,852 
1940 4.09 1,060 4,334 4,353 
1941 0.00 1,671 0 0 
1942 0.02 1,670 33 4,160 
1943 3.97 1,292 5,128 5,852 
1944 0.00 1,671 0 0 
1945 2.54 1,410 3,580 3,697 
1946 4.09 1,084 4,432 4,468 
1947 2.27 1,522 3,455 4,133 
from land leveling* 
Cottonwood Watershed 
Water 
M.V.P. saved Total Total 
dollars (acre feet) value benefits 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
4.42 226 999 1,049 
1.13 610 689 752 
5.32 173 920 923 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
5.32 154 819 822 
0.00 627 0 0 
0.00 627 0 0 
12.00 0 0 0 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
3.70 384 1,421 1,425 
3.70 360 1,332 1,335 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
2.21 456 1,008 1,286 
0.00 627 0 0 
1948 6.07 647 3,929 4,775 
1949 0.02 1,670 33 2,035 
1950 4.09 1,261 5,159 5,197 
1951 2.12 1,531 3,247 4,063 
1952 0.00 1,671 0 0 
1953 1.56 1,610 2,511 2,987 
1954 8.34 476 3,969 4,281 
1955 6.07 670 4,066 4,067 
1956 4.96 924 4,581 5,344 
1957 0.00 1,671 0 0 
1958 0.00 1,671 0 0 
1959 12.00 264 3,172 3,172 
Total 50,193 92,710 117,321 
Average 1.85 1,255 2,318 2,933 
^Discussed in text, page 298. 
b 
1,005. 
^2,593. 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
0.00 627 0 0 
3.23 410 1,324 1,474 
0.00 627 0 0 
1.56 539 841 872 
0.00 627 0 0 
0.00 627 0 0 
3.70 268 992 1,030 
21,763 10,345 10,968 
0.48 544 259 274 
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i is the i'^ year in simulation of the project, i = 1920, ..., 1959. 
j is the watershed, j = 1, 2 where 1 is the Huntington Creek 
Watershed and 2 is the Cottonwood Creek Watershed. 
W.. is the water saved due to land leveling. 
ij 
is the total irrigation water requirement in the j watershed, as 
given in Table 67. 
is the water shortage given in Table 71. 
is a correction for water used on class 6W land since the irrigated 
permanent pasture is not leveled. It is assumed that all 6W land 
is irrigated each year. Z^ for j = 1 is .Xââ^22.8224 ^ ^en is 
the irrigation water requirement per acre and 8224 is the number acres of 
6W land. Z. for j=2 is (lâ|â.)^716 is the irrigation water 
3 
requirement and 4716 is the number of acres of 6W land. is -gg is 
the coefficient to correct for the farm irrigation efficiency under non-
leveled as compared to leveled land. The farm irrigation efficiency on 
Class 1 land is 58 percent. If the land were not leveled the irrigation 
efficiency would be 55 percent, consequently the proportion of water which 
3 
would be lost under nonleveled field conditions would be (^g). 
This calculation of benefits due to land leveling under-estimates the 
benefits from leveling land for three reasons. First, the marginal value 
product indicates the value of an incremental acre foot or the last acre 
foot of water purchased. The average value of a unit of water when the 
change in the quantity of water is considerable may be different from the 
marginal value product. This fact is apparent by viewing the aggregate 
demand for water given in Table 125, Appendix C. The second reason why 
the benefits are under-stated results from the estimate of Z^ in equation 
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48. In estimating 2^ it was assumed that all 6W land would always be 
irrigated. It will be remembered from the discussion relating to the farm 
demand curves for water in Chapter 7 that the abrupt shifts in the normative 
water demand functions were due to the irrigation of 6W lands. Consequently, 
from the knowledge about the normative demand functions and the marginal 
value product of water in different years given in Table 74 it is known 
that not all 6W land will always be irrigated. This over-estimation of 
reduces the and consequently the estimates of benefits due to land 
leveling. The third reason why the benefits are under-estimated is due to 
the value chosen for E^. The farm irrigation efficiency is reduced by 
three percent for each land class, (63, Table 42, p. 66). Thus, the 
percentage efficiency is lower for classes of land other than class 1, the 
ratio would increase for other land classes. However, since the 
quantity of water used for irrigation on various land classes in the 
project simulation is not known, the lowest value of E^ is used in 
estimating the correction factor for irrigation efficiency. 
The total value gained from land leveling, as determined by using the 
marginal value product of water and the estimates of water saved, is 
reported in Table 74 as total value. An estimate is made for each of the 
two watersheds. The column designated total benefits is an alternative 
estimate of benefits due to land leveling. This estimate uses the water 
saved values given in Table 74 but does not use the marginal value product 
as a price. Instead, the total benefits are the area under the relevant 
aggregate demand curves. Table 125. This procedure for estimating direct 
irrigation benefits due to land leveling is equivalent to equation 38 and 
will not be discussed further here. This value of total benefits due to 
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land leveling is still an under-estimate due to the determination of 
water saved. 
Since the cost of leveling land is five dollars an acre, (63, Table 
50, p. 77) project benefit-cost ratios can be estimated for land leveling. 
These benefit-cost ratios are reported in Table 81 and will be discussed 
in greater detail below. 
Benefits associated with discontinuing inter-mountain water transfer 
An upper limit can be placed on the value of the benefits which would accrue 
in the Cottonwood Creek Watershed and Huntington Creek Watershed if water 
which is currently transferred to other watersheds was used in the water­
shed from which it was originally diverted. This value of benefits does 
not take into consideration the value of the water in its current use. 
Also this value of benefits assumes that the discontinuation of these 
inter-mountain water transfers is the only alternative being altered in 
the project design. 
Only the water which is diverted through the Spring City Tunnel and 
Ephraim Tunnel are of known quantity. Tables 52 and 53 respectively. 
Consequently only an upper limit on the value of benefits in the Cottonwood 
Watershed from these diversions will be estimated. Because there are no 
storage structures in the Cottonwood Creek Watershed the benefits are 
estimated by equation (49). 
12 1959 
(49) T = Z S MVP.. W. . where 
j=l i=1920 
T are the total benefits 
j is the j^^ month, j = 1, 2, ..., 12 where 1 = January, etc. 
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i is the year in project simulation, i = 1920, 1959. 
j is the marginal value product of water in Cottonwood Creek. 
is the sum of the diversion through the Spring City Tunnel and 
Ephraim Tunnel. 
The total annual estimated value of the direct irrigation benefits due 
to discontinuing inter-mountain water transfer is 796 dollars. This is a 
value of 0.16 dollars per acre foot for all water which is currently 
transferred over the mountain. If only water which can be transferred 
over the mountain for which there is a positive shadow price is considered 
then the average value per acre foot of water is 6.92 dollars. 
Benefits associated with lining the irrigation canals A lower 
limit can be placed on the value of the water saved because the existing 
canals were lined. The canal efficiency from the points of diversion on 
the Cottonwood Creek to farm canals is 85 percent when the canals are 
lined. Table 51, and 75 percent when the canals are unlined (63, p. 10). 
The canal efficiency from the points of diversion on the Huntington Creek 
to farm canals is 83 when the canals are lined. Table 51, and 73 percent 
when the canals are unlined. 
Two estimates of benefits due to canal lining are given in Table 76. 
These estimates assume that canal lining is the only alternative in the 
project set which is being altered. The estimate of benefits called Total 
Value is the Marginal Value Product times the quantity of water saved. The 
estimate of benefits called Total Benefits is the area under the demand 
curve for the Watershed and is equivalent in definition to the direct 
irrigation benefits specified in equation 38. The estimate of benefits 
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designated Total Value under-estimates the benefits. The actual benefits 
are more closely estimated by the Total Benefits in Table 76. It was 
concluded above that the benefits which would result from discontinuing 
inter-mountain water transfer were very small. Table 75. However, the 
benefits from leveling land and lining existing project canals were quite 
substantial. Table 78, 
Benefits from lining irrigation canals and leveling land It was 
noted in the above discussion that the benefits from these latter two 
alternatives depended upon all other alternatives in the project set being 
held constant. The lower limit on benefits from the land leveling 
alternative and the canal lining alternative when estimated jointly is 
given in Table 77. The average annual benefits from canal lining and land 
leveling jointly is also given in Table 78. 
The benefit-cost ratios using separable costs remaining benefits 
show that land leveling in the Huntington Watershed cannot be economically 
justified based upon the data in Table 78. The only course of action which 
should be undertaken based on the data in Table 78 is to line the canals in 
the Huntington Watershed. However, since (1) the benefit estimated and 
reported in Table 78 are lower limits on the value of the water saved and 
(2) the benefits from prevention of loss of land are unknown, no final 
conclusions can be reached using the data in Table 78 about land leveling 
in either the Huntington or Cottonwood Watersheds or about canal lining in 
the Cottonwood Watershed. To determine whether land leveling the Huntington 
and Cottonwood Watersheds and canal lining in the Cottonwood Watershed is 
profitable actual benefits from land leveling and canal lining would have 
to be determined by simulating project operation over the forty-year period 
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Table 75. Marginal value product of water in selected months and total 
value of inter-mountain water transfer through Spring City and 
Ephraim Tunnels® 
Year 
Marginal value product of water in 
Seely Creek by month^ 
Total 
value 
(dollars) 
June July August September October 
1920 0 
1921 0 
1922 0 
1923 0 
1924 10.52 11.42 12.39 1,052 
1925 2.65 2.89 3.14 530 
1926 12.65 13.75 14.90 1,265 
1927 0 
1928 0 
1929 0 
1930 0.05 0 
1931 12.65 13.73 14.90 0.50 1,265 
1932 0 
1933 0 
1934 14.88 16.14 17.51 18.99 9,432 
1935 0.50 0 
1936 0 
1937 0 
1938 0 
1939 8.79 9.54 10.35 879 
1940 8.80 9.55 10.37 880 
1941 0 
1942 0 
1943 0.05 0 
1944 0 
1945 0 
1946 5.26 5.72 6.21 1,578 
1947 0 
1948 0.05 0 
1949 0 
1950 0 
^Discussed in text. 
^Taken from solutions of water allocation model. 
^Product of marginal value product and quantity of water used for 
inter-mountain transfer (Tables 44 and 45). 
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Table 75. (Continued) 
Marginal value product of water in Total 
Year Seely Creek by month^ value 
(dollars per acre foot) (dollars) 
June July August September October 
1951 0 
1952 0 
1953 0 
1954 3.99 4.33 4.71 5.11 11,414 
1955 0 
1956 3.69 4.01 4.36 738 
1957 0 
1958 0 
1959 8.79 9.54 10.35 2,787 
Total 31,820 
Average 796 
Tabl 
Year 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
Quantity of water saved and benefits from canal lining^ 
Huntington Watershed Cottonwood Watershed 
Water Total Total Water Total Total 
M.V.P. saved value benefits M.V.P. saved value benefits 
dollars (acre feet) (dollars) dollars dollars (acre feet) (dollars) dollars 
0.00 6,063 0 0 2,643 
0.00 6,063 0 0 2,643 
0.00 6,063 0 0 2,643 
0.00 6,063 0 0 2,643 
11.72 3,132 36,713 37,541 4.42 1,731 7,651 8,981 
5.65 4,035 22,797 32,577 1.13 2,604 2,943 4,178 
4.12 4,742 19,536 23,401 5.32 1,610 8,565 8,836 
0.04 6,052 242 130,720 0 2,643 
1.31 5,941 7,783 14,646 0 2,643 
0.00 6,063 0 0 0 2,643 
4.12 4,614 19,011 23,552 0 2,643 
12.00 2,708 32,492 32,492 5.32 1,565 8,326 8,761 
2.58 5,512 14,221 19,503 0 2,643 
2.58 5,531 14,271 19,337 0 2,643 
12.00 1,550 18,600 18,600 12.00 811 9,731 9,732 
2.63 5,405 14,215 20,416 0 2,643 
0.02 6,061 121 12,873 0 2,643 
0.02 6,054 121 13,024 0 2,643 
2.24 5,726 12,826 17,877 0 2,643 
5.48 4,069 22,301 32,463 3.70 2,089 7,731 7,749 
4.09 4,640 18,979 23,928 3.70 2,036 7,533 7,585 
0.00 6,063 0 0 0 2,643 
0.02 6,061 121 12,873 0 2,643 
3.97 5,180 20,566 21,397 0 2,643 
0.00 6,063 0 0 0 2,643 
2.54 5,455 13,856 20,003 0 2,643 
4.09 4,696 19,205 23,641 2.21 2,254 4,980 7,642 
2.27 5,717 12,978 17,932 0 2,643 
1948 6.07 3,679 22,334 28,129 
1949 0.02 6,061 121 12,873 
1950 4.09 5,110 20,901 21,069 
1951 2.12 5,739 12,167 17,653 
1952 0.00 6,063 0 0 
1953 1,56 5,921 9,237 15,097 
1954 8.34 3,280 27,357 37,130 
1955 6.07 3,732 22,654 27,342 
1956 4.96 4,323 21,442 23,892 
1957 0.00 6,063 0 0 
1958 0.00 6,063 0 0 
1959 12.00 2,787 33,448 33,448 
Total 204,143 490,616 784,791 
Average 2.40 5,104 12,265 19,620 
discussed in text, page 305. 
0 2,643 
0 2,643 
0 2,643 
0 2,643 
0 2,643 
0 2,643 
3.23 2,150 6,943 7,903 
0 2,643 
1.56 2,442 3,810 5,610 
0 2,643 
0 2,643 
3.70 1,824 6)751 8,463 
97,763 74,964 85,440 
1.30 2,444 1,874 2,136 
Year 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
Quantity of water saved and annual benefits from canal lining and land leveling^ 
Huntington Watershed Cottonwood Watershed 
Water Total Total Water Total Total 
M.V.P. saved value benefits M.V.P. saved value benefits 
dollars (acre feet) (dollars) dollars dollars (acre feet) (dollars) dollars 
0.00 7,420 0 0 0 3,134 0 0 
0.00 7,420 0 0 0 3,134 0 0 
0.00 7,420 0 0 0 3,134 0 0 
0.00 7,420 0 0 0 3,134 0 0 
11.72 3,383 39,649 40,553 4.42 1,868 8,256 9,712 
5.65 4,626 26,137 36,672 1.13 3,080 3,481 5,325 
4.12 5,600 23,071 28,039 5.32 1,700 9,044 9,335 
0.04 7,405 296 17,870 0 3,134 0 0 
1.31 7,252 9,500 20,007 0 3,134 0 0 
0,00 7,420 0 0 0 3,134 0 0 
4.12 5,424 22,348 28,691.84 0 3,134 0 0 
12.00 2,798 33,573 33,573 5.32 1,638 8,712 9,280 
2.58 6,661 17,185 24,239 0 3,134 0 0 
2.58 6,680 17,254 24,106 0 3,134 0 0 
12.00 1,550 18,600 18,600 12.00 811 9,731 9,732 
2.63 6,513 17,130 24,983 0 3,134 0 0 
0.02 7,417 148 17,595 0 3,134 0 0 
0.02 7,408 148 17,807 0 3,134 0 0 
2.24 6,956 15,581 22,946 0 3,134 0 0 
5.48 4,674 25,612 36,630 3.70 2,365 8,752 8,779 
4.09 5,460 22,332 28,538 3.70 2,291 8,477 8,566 
0.00 7,420 0 0 0 3,134 0 0 
0.02 7,417 148 17,595 0 3,134 0 0 
3.97 6,204 24,630 25,977 0 3,134 0 0 
0.00 7,420 0 0 0 3,134 0 0 
2.54 6,582 16,719 24,648 0 3,134 0 0 
4.09 5,536 22,644 28,245 2.21 2,593 5,731 8,899 
1947 2.27 6,944 15,763 22,990 
1948 6,07 4,136 25,108 32,476 
1949 0.02 7,417 148 17,595 
1950 4.09 6,107 24,979 25,651 
1951 2.12 6,974 14,784 22,744 
1952 0.00 7,420 0 0 
1953 1.56 7,225 11,270 20,427 
1954 8.34 3,586 29,911 40,802 
1955 6.07 4,209 25,549 31,607 
1956 4.96 5,023 24,914 28,142 
1957 0.00 7,420 0 0 
1958 0.00 7,420 0 0 
1959 12.00 2,908 34,890 34,890 
Total 244,283 560,021 792,059 
Average 2.29 6,107 14,001 19,801 
^Discussed in text, page 305. 
0 3,134 0 0 
0 3,134 0 0 
0 3,134 0 0 
0 3,134 0 0 
0 3,134 0 0 
0 3,134 0 0 
0 3,134 0 0 
3.23 2,449 7,910 8,997 
0 3,134 0 0 
1.56 2,855 4,454 7,078 
0 3,134 0 0 
0 3,134 0 0 
3.70 1,998 7,391 9,386 
114,534 81,939 95,089 
0.72 2,863 2,048 2,377 
Table 78. Benefit-cost ratios associated with leveling land and lining canals* 
Level land and 
Level land Line canals line canals 
Huntington Cottonwood Huntington Cottonwood Huntington Cottonwood 
Item Watershed Watershed Watershed Watershed Watershed Watershed 
1, Benefits (annual) 
(a) Estimated value of 
water saved . 
(i) Total value 2,318 259 12,265 1,874 14,001 2,048 
(ii) Total benefits® 2,933 274 19,620 2,136 19,801 2,377 
(b) Prevention of loss of land^ 
2, Costs e e f f 
(a) Installation costs 65,655 24,260 127,200 137,800 192,855 162,060 
(b) Annual costs® -- 460 500 460 500 
3, Benefit-cost ratio 
(a) Using 1.(a)(1) from above 1.12 0,34 2.65 0.38 2.09 0.36 
(1) 3% discount rate 0.87 0.26 2.08 0.30 1.63 0.28 
(ii) 4% discount rate 0.70 0.21 1.70 0.24 1.33 0.23 
(iil) 57o discount rate 0.70 0.21 1.70 0.24 1.33 0.23 
(iv) 6% discount rate 0.59 0.18 1.42 0.20 1.11 0.19 
(b) Using l.(a)(ll) from above 
(1) 3% discount rate 1.41 0.36 4.21 0.43 2.94 0.41 
(11) 4% discount rate 1.09 0.28 3.31 0.33 2.30 0.32 
(ill) 5% discount rate 0.89 0.22 2.70 0.27 1.87 0.26 
(iv) 6% discount rate 0.74 0.19 2.26 0.23 1.57 0.22 
4. Benefit-cost ratio using 
separable costs remaining 
benefits 
(a) Using 1.(a)(i) 
(i) 3% discount rate 0.84 
(ii) 4% discount rate 0.65 
(iii) 5% discount rate 0.52 
(iv) 67o discount rate 0.44 
(b) Using 1.(a) (ii) 
(i) 37o discount rate 0.10 
(ii) 47o discount rate 0.07 
(iii) 5% discount rate 0.06 
(iv) 6% discount rate 0.05 
0.23 2.53 0.36 
0.18 1.98 0.28 
0.14 1.62 0.23 
0.12 1.35 0.19 
0.31 3.50 0.42 
0.24 2.75 0.33 
0,20 2.24 0.27 
0.17 1.88 0.22 
^Estimated in this study and discussed in text. 
'^These values are obtained from Tables 74, 76 and 77 respectively, 
^These benefits are obtained from Tables 74, 76 and 77 respectively. 
'^Benefits from this source are not: estimated in this study or in the Bureau report but are 
discussed in (63, p. 7), 
^Land leveling costs were estimated at five dollars per acre on class 1, 2S and 3S lands 
(63, Table 50, p. 77). 
^The total installation cost of canal lining reported in (63, p. 11) was divided between the 
two watersheds based on data in (63, Table 79, p. 108). These installation costs do not include 
interest during construction. It was assumed that construction of canal lining and drains occurred 
simultaneously so that the time distribution of expenditures indicated for drains and canal lining 
in (63, Table 3A, p. 46) could be used for calculation of interest charges. 
%o annual costs associated with land leveling were indicated in the Bureau study. 
313 
and benefits from prevention of loss of land would have to be estimated. 
Project design set 2 
Project design set number 2 consists of the alternatives for 
increasing the water supply designated in Table 72. The operation of 
project design set 2 was discussed in Chapter 11. The structures required 
for this project set are consequently given in Table 60. 
Project benefit-cost analysis 
Project benefits The benefits associated with project design 
set 2 are given in Table 78. The derivation of the benefits was discussed 
in Chapter 10. The irrigation benefits were discussed in considerable 
detail in Chapter 10. Recreational benefits require some additional 
explanation in terms of specific figures. 
Recreational benefits were estimated by the National Park Service for 
Huntington North Reservoir and by the U.S. Forest Service for Joes Valley 
Reservoir. Detailed reports were available but, unfortunately, were not 
consulted for this current study. The recreational benefits for Huntington 
North Reservoir are in excess of operation and maintenance cost to be spent 
by the operating agency. Apparently no additional specific installation 
costs were involved in using Huntington North Reservoir for recreation. 
However, in the case of Joes Valley Reservoir the Forest Service incurred 
installation costs of 950,000 dollars for recreational facilities. In the 
Bureau study this cost was essentially considered to be an associated cost 
and was handled as follows. "Recreation benefits at Joes Valley Reservoir 
are credited to the project in excess of the Forest Service costs for 
construction and operation and maintenance of recreation facilities. This 
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is consistent with the method presently employed in arriving at irrigation 
benefits which deducts costs to the farmer from the gross increase 
attributed to the project and claims all excess benefits for the project. 
In the absence o£ the reservoir, recreation at Joes Valley Reservoir would 
be of minor importance" (63, 1-2). Since there is some question in the 
writer's mind as to whether or not large government investments such as 
the 950,000 dollars installation cost for recreational facilities should be 
considered associated costs, which are defined below, this installation cost 
was incorporated into the benefit-cost analysis by explicitly including it. 
The benefits from recreational use of water in Joes Valley Reservoir is 
consequently reported as 118,146 dollars in Table 79. 
The fish and wildlife benefits were estimated by the U.S. Bureau of 
Sport Fisheries and Wildlife. No installation costs for fish and wildlife 
benefits were shown in the Bureau report, consequently the benefits for 
this use reported in Table 79 are total benefits minus operation, 
maintenance and repair costs. 
Project costs The costs associated with project design set 2 
are given in Table 80. Project economic costs are defined by the following 
statement. "The value of all goods and services (land, labor, and 
materials) used in constructing, operating, and maintaining a project or 
program, interest during construction, and all other identifiable expenses, 
losses, liabilities and induced adverse effects connected therewith, whether 
in goods or services, whether tangible or intangible and whether or not 
compensation is involved. Project economic costs are the sum of installation 
costs; operation, maintenance, and replacement costs; and induced costs as 
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Table 79. Annual benefits from project design set 2* 
Benefits 
Type of benefits Cottonwood Area Huntington Area 
Irrigation 
Direct 
Indirect 
Class A 
Class B 
Class C 
Total 
Public 
Stabilization 
of economy 
Community 
improvement 
Settlement 
Total 
D 
A1 + A2 
B1 + B2 + B3 
CI + C2 
PI 
P2 
P3 
Total 
Recréâtion 
Joes Valley Reservoir R1 
Huntington North 
Reservoir R2 
Total 
Fish and wildlife 
Joes Valley Reservoir F1 
Huntington North 
Reservoir F2 
Total 
Total 
Aggregate 
6,757 
4 
2,086 
2,069 
4,159 
676 
1,753 
0 
2,429 
13,345 
118,146 
0 
118,146 
72,000 
0 
72,000 
203,491 
43,865 
453 
10,626 
11,507 
22,586 
4,387 
4,744 
0 
9,131 
75,582 
0 
5,200 
5,200 
0 
20,000 
20,000 
100,782 
304,273 
^Discussed in text. 
Table 80, Costs incurred for project design set 2 
Structures 
Variable Joes Swasey Cottonwood Huntington Huntington Drains Total 
Type of cost name® Valley Diversion Creek North Dam North and 
Reservoir Dam Huntington and Service canal 
Canal Reservoir Canal lining 
c d Installation costs Estimated net disbursements and yearly interest base 
Number of years 
of interest 
charges 
4 K45 1,439,822* 213,044 1,652,866 
3 K35 1,6.') 1,000 149,730 1,751,500 440,000 3,992,230 
2 K25 1,595,000 134,000 1,038,000 804,000 54,838 128,762 3,625,838 
1 K15 676,178 41,270 135,500 347,956 140,162 861,238 1,341,066 
0 K08 39,130 87,170 126,300 
0 cof 950,000 
^Names assigned to facilitate references in text. 
^These expenditures are not included in the totals which are used for benefit cost analysis. 
This is done because the drainage system is considered separately. 
'^Installation costs were obtained from (63, Table 3A, p. 4b). 
Nearly interest base allows a ten percent reduction of estimated expenditure for contract 
funds held back until major completion of contract. 
^Includes 18,000 dollars of operation and maintenance housing, 
f 
The Forest Service incurred a cost of 950,000 dollars for recreational facilities to enable 
utilization of Joes Valley Reservoir. 
Table 80. (Continued) 
Type of cost 
Variable Joes 
name® 
Structures 
Swasey Cottonwood Huntington Huntington Drains 
Valley Diversion Creek North Dam North and 
Reservoir Dam Huntington and Service canal ^ 
Canal Reservoir Canal lining 
Total 
Estimated net disbursements and yearly interest base 
Annual costs 
Operation main­
tenance and 
repair^ 
Colorado River 
development'^ 
Wildlife range 
loss'^ 
Lands inundated 
Total 
OMR 
CRD 
W 
I 
4,616 
12,720 
1,366 
5,099 
23,801 
601 13,000 
601 13,000 
3,196 
3,196 
1,994 3,773 
1,994 
23,407 
12,720 
1,366 
5,099 
42,592 
®rhese expenditures are obtained from (63, Table 4, p. 7). 
^These costs are really part of the installation costs but occur on an annual basis over the 
economic life of the project. 
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defined below" (59). 
Installation costs Installation costs consist of the 
following costs. "The value of goods and services necessary for the 
establishment of the project, including initial project construction; 
land, easements, rights-of-way and water rights; capital outlays to 
relocate facilities or prevent damages; and all other expenditures for 
investigations and surveys, and designing, planning, and constructing a 
project after its authorization" (59). 
In Table 80 the installation costs are put into two categories, one 
designated installation costs which include essentially fixed costs, and 
the second category consisting of annual costs and including Colorado 
River Development, wildlife range loss, and land inundated. 
The installation costs are categorized by the number of years of 
interest charges for each structure. As indicated by a footnote the costs 
associated with drains and canal lining are not included in project design 
set two costs because drains and canal lining were analyzed as part of 
project design set one. 
In addition to the installation costs incurred by the Bureau of 
Reclamation there was a 950,000 dollar installation cost incurred by the 
Forest Service to make possible recreational use of Joes Valley Reservoir. 
The reason for including this cost in the benefit cost analysis was given 
earlier when the recreation benefits were discussed. 
Included in the definition of installation costs are the costs of 
project excluding preauthorizatiou costs. Consequently 32,000 dollars 
preauthorization funds and 1000 dollars contributed funds are excluded 
from the installation costs reported in Table 80. 
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Operation, maintenance and replacement costs The OMR costs 
are 23,407 dollars because the cost associated vith drains and canal 
lining is not part of project design set two. These costs are payable 
annually and were calculated based upon costs for the three preceding 
years, 1958 through 1960. 
The operation, maintenance and repair estimates given in Table 80 do 
not include OMR costs of recreational water uses or fish and wildlife 
recreational uses. The OMR costs associated with these two water uses 
are discussed below as associated costs. 
OMR costs are defined as "The value of goods and services needed to 
operate a constructed project and make repairs and replacements necessary 
to maintain the project in sound operating condition during its economic 
life" (59). 
Associated costs Associated costs are defined as "The value of 
goods and services over and above those included in project costs needed 
to make the immediate products or services of the project available for 
use or sale. Associated costs are deducted from the value of goods and 
services resulting from a project to obtain primary benefits" (59). 
The annual operating and maintenance expenditures associated with the 
recreational facilities and fish and wildlife facilities are not explicitly 
given but have been subtracted from the annual benefits from recreation 
and fish and wildlife water uses reported in Table 79. 
There is some question as to who will operate the recreational 
facilities. "Since the Joes Valley Reservoir is located within the 
boundaries of the Manti LaSal National Forest, it is expected that the 
Forest Service will maintain the recreational facilities associated with 
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this reservoir. It has not been determined who will be responsible for the 
maintenance of the recreation facilities at Huntington North Reservoir. 
Such facilities will not be constructed unless a state or local agency 
will agree to operate and maintain these facilities at no cost to the 
government" (63, p. 5). 
There are two other official costs recognized, namely induced costs 
and taxes. 
Induced costs Induced costs are defined as "All uncompensated 
adverse effects caused by the construction and operation of a program or 
project, whether tangible or intangible. These include estimated net 
increases, if any, in the cost of government services directly resulting 
from the project and net adverse effects on the economy such as increased 
transportation costs. Induced costs may be accounted for either by 
addition to project economic costs or deduction from primary benefits (59). 
No induced costs were recognized in this study. 
Taxes "Allowances in lieu of taxes or taxes foregone will not be 
included in project economic costs, except as required by law" (59). 
Explicitly what this means in the case of Emery County Project analysis 
is not known to the writer. Consequently taxes are considered as described 
in the benefit section above. 
Colorado River Development This cost is associated with the costs 
of the regulatory features of the Colorado River Storage Project. The 
arguments used to include this cost are quoted below. "Large holdover 
capacity will be required in order for the Upper Colorado River Basin to 
utilize its apportioned share of Colorado River water. This capacity will 
be provided by the Upper Colorado River Storage units consisting of Glen 
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Canyon, Flaming Gorge, Curecanti and Navajo storage reservoirs. An 
equitable portion of the costs of these storage reservoirs, for justifica­
tion determination purposes, is properly assignable to each project which 
will use the flow of the Colorado River and thereby benefit from the 
reservoirs. It is estimated that the Emery County Project will deplete 
Colorado River flow by 16,500 acre feet annually on the average. Based on 
the depletion cost of 2.00 dollars per acre foot, 33,000 dollars is 
assigned to the Emery County Project. Since this cost is not a cost to be 
paid by the project, it is used only for the benefit-cost comparison, and 
for the conçarison it is assigned to irrigation which is the only purpose 
which will cause appreciable depletion (63, p. 5, Economic Justification 
and Financial Analyses). 
Based upon the quotation there are a number of observations which can 
be made. First, the cost of the regulatory features of the Colorado River 
are fixed and independent of the use of water in Emery County. 
Consequently, these "costs" should not be included for the Emery County 
Project. 
Second, if large holdover capacity is required in order for the Upper 
Colorado River Basin to utilize its apportioned share of Colorado River 
Water but is not currently available, either in terms of quantity or 
location, then the possibility of using Joes Valley Reservoir and Dam as 
a storage reservoir should be considered. 
Third, it was assumed that the Emery County Project will deplete the 
Colorado River flow by an annual average of 16,500 acre feet in the programming 
analysis. However, the average annual project, water supply is 28,100 acre 
feet in the budgeted analysis (63, p. 9). Consequently only 58.71 percent 
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of the water diverted from the Cottonwood Creek and Huntington Creek is 
considered to be a depletion from the Colorado River flow. This percentage 
depletion was applied to the average annual flow diverted from the Cotton­
wood and Huntington Creeks to determine the depletion in this analysis. 
There was an annual average diversion of 11,582 acre feet for irrigation 
purposes in the three Huntington Areas and the Cottonwood Area. Applying 
the 58.71 percent rate for depletion and 2 dollars an acre foot for the 
water depleted the annual CRD cost is 12,720 dollars, Table 80. 
Wildlife range loss In the summary sheets a one time cost of 
50,000 dollars is included as a "Mitigation of wildlife range loss". This 
wildlife range loss is apparently in conjunction with the Joes Valley 
Reservoir and Dam. The annual value of the range loss would be 1366 
dollars if it were discounted at a rate of 2% percent. The cost associated 
with the wildlife range loss was considered to be 1366 dollars annually. 
Table 80. 
Inundated lands Joes Valley Dam and Reservoir are located within 
the Manti-LaSal National Forest. Approximately 1290 acres, which consists 
of 957 acres of Forest Service Land and 333 acres of private land, supply 
635 animal unit months of summer grazing annually and would be lost due to 
inundation if Joes Valley Dam is constructed. The value of an additional 
animal unit month of grazing was estimated at 7.44 dollars. The annual 
loss due to the land being inundated would be 635, number of animal unit 
months of grazing lost, times 7.59 dollars for a total of 4820 dollars. 
Table 73. 
The value of an animal unit month of grazing was determined from the 
farm linear programs based upon marginal value product of grazing. 
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Benefit-cost ratio for design set two After allowing for a 
three-year development period the benefit cost ratios for project set two 
are given in Table 81. Even at the low interest rate of three percent the 
project design set is uneconomic. 
If (a) secondary benefits had not been included, (b) a shorter project 
life had been used, and (c) the incremental return to operators labor had 
not been included in benefits then the benefit-cost ratios given in Table 
81 would have been lower. 
Table SI. Benefit-cost ratios for alternative project design sets at 
different rates of discount^ 
Discount rate 2 3 4 
Project design set 
5 6 7 8 9 
0.06 0.34 0.32 0.34 0.35 0.27 0.27 0.06 0.51 
0.05 0.42 0.40 0.42 0.43 0.32 0.32 0.07 0.63 
0.04 0.52 0.50 0.53 0.54 0.40 0.40 0.09 0.80 
0,03 0.67 0.64 0.68 0.69 0.52 0.51 0.12 1.03 
^he project design sets are delineated in Table 73. 
The analysis below consists of looking at different project uses and 
sizes of structures. Given the single valued estimates for fish and wild­
life benefits, recreation and domestic use of water a number of alterna­
tive project design sets are quickly eliminated below. If the data on 
the above mentioned water uses were extended as suggested in Chapter 10, 
then the determination of the best project design set would be more 
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complicated. However, using the data available the following project 
structures and uses can be readily analyzed. 
Project design set  three 
The active capacity of Joes Valley Reservoir was 50,000 acre feet in 
Project Design Set Two, As shown by the data in Table 71 the project 
water shortage under Alternative B was quite limited. Consequently, the 
number of alternative design sets which require analysis may be greatly 
limited by determining the maximum benefits which would result from a full 
water supply for irrigation, recreation, fish and wildlife and domestic 
uses and subsequently eliminating the alternative scales of Joes Valley 
Reservoir which are uneconomic. The maximum benefits which are possible 
from these water uses are given in Table 82. For the present assume that 
the size of Joes Valley Reservoir required to make these benefits possible 
is one which has 65,000 acre foot active capacity. The costs associated 
with the Project Design Set Three are given in Table 83. 
The benefit-cost ratios in Table 81 show that Project Design Set 
Three is uneconomic even at discount rates as low as three percent. 
Project design set  four 
Furthermore, the benefit-cost ratio using the benefits associated with 
Design Set Three and the costs associated with design set two reveal that 
the project with the current structures and water uses would be uneconomic 
for sizes of Joes Valley of 50,000 acre feet active capacity or greater. 
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Table 82. Annual benefits from project design set three^ 
Benefits 
Type of benefit Cottonwood Area Huntington Area 
Irrigation 
Direct D 7,337 45,090 
Indirect 
Class A A1 
Class B B1 + 
Class C CI 
. + A2 
B2 + B3 
, + C2 
7 
2,444 
2,338 
470 
11,138 
11,948 
Total 4,775 23,556 
Public 
Stabilization 
of economy 
Community 
improvement 
Settlement 
PI 
P2 
P3 
734 
1,753 
0 
4,509 
4,744 
0 
Total 2,487 9,253 
Total 14,599 77,899 
Recreation 
Joes Valley Reservoir R1 118,146 0 
Huntington North 
Reservoir R2 0 5,200 
Total 118,146 5,200 
Fish and wildlife 
Joes Valley Reservoir F1 72,000 0 
Huntington North 
Reservoir F2 0 20,000 
Total 72,000 20,000 
Total 204,745 103,099 
Aggregate 307,844 
Discussed in text. 
Table 83. Costs of project design set three 
Type of cost Total 
Costs 
Variable Joes Swasey Cottonwood Huntington Huntington Drains 
name Valley Diversion Creek North Dam North and 
Reservoir Dam Huntington and Service canal 
Canal Reservoir Canal lining 
Construction 
Number of years 
of interest 
charges 
4 K4 1,636,239 213,044 1,849,283 
3 K3 1,876,343 149,730 1,751,500 440,000 4,217,573 
2 K2 1,812,965 134,000 1,038,000 804,000 54,838 3,843,803 
1 K1 768,453 41,270 135,500 347,956 140,162 1,433,341 
0 KO 39,130 87,170 3.26,300 
Annual 
Operation main­
tenance and 
repair OMR 4,616 601 13,000 3,196 1,994 23,407 
Colorado River 
Development CRD 13,668 13,668 
Wildlife range 
loss W 1,366 1,366 
Lands inundated I 5,099 5,099 
Total 24,749 601 13,000 3,196 1,994 43,540 
discussed in text. See Table 80 for data source. 
326 
Project design set five 
Project Design Set Five consists of the same water uses and structures 
as design set three except the size of Joes Valley Reservoir is set at 
40,000 acre feet active câpacity, the minimum capacity considered by the 
Bureau which will pemit multiple use of water resources. Assuming that 
the benefits under Project Design Set Five are the same as under Project 
Design Set Two and using the costs given in Table 84 the benefit-cost ratio 
was derived. Table 81. Consequently Project Design Set Five can be 
eliminated from the analysis. 
Based on the above benefit-cost analysis the conclusion is that all 
project designs which encompass all structures and all uses are unjusti­
fiable. 
In the analysis below the procedure will be to eliminate some of the 
structures and determine whether or not the remaining structures are 
justifiable. Since the actual conditions were not solved in terms of 
project simulation separable cost-remaining benefit analysis cannot be 
used. Instead some "approximate" calculations are made to determine 
whether or not further more detailed analysis is required to determine the 
best alternative for the water resource project. 
North Huntington facilities (project design set six) 
The North Huntington facilities consist of the Huntington North Dam 
and Reservoir and the Huntington North Service Canal. The cost of these 
structures is given in Table 86. The possible benefits from these 
facilities would be from irrigation, fish and wildlife and recreation and 
are given in Table 85. The direct irrigation benefits were estimated by 
Table 84. Costs of project design set five^ 
Type of cost Variable Joes 
name Valley 
Costs 
Swasey Cottonwood Huntington Huntington Drains 
Diversion Creek North Dam North and 
Reservoir Dam Huntington and Service canal 
Canal Reservoir Canal lining 
Total 
Construction 
Number of years 
of interest 
charges 
4 K4 1,323,437 213,044 1,536,481 
3 K3 1,517,639 149,730 1,751,500 440,000 3,858,869 
2 K2 1,466,378 134,000 1,038,000 804,000 54,838 3,497,216 
1 K1 621,547 41,270 135,500 347,956 140,162 1,286,435 
0 KG 39,130 87,170 126,300 
Annual 
Operation, main­
tenance and 
repair OMR 4,616 
Colorado River 
Development CRD 12,720 
Wildlife range 
loss W 1,366 
Lands inundated I 5,099 
Total 23,801 
601 
601 
13,000 
13,000 
3,196 
3,196 
1,994 
1,994 
23,407 
12,720 
1,366 
5,099 
42,592 
discussed in text. See Table 80 for data source. 
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Table 85. Annual benefits for North Huntington facilities^ 
Benefits 
Type of benefit Cottonwood Area Huntington Area 
Irrigation 
Direct 
Indirect 
Class A 
Class B 
Class C 
Total 
A1 4- A2 
B1 + B2 + B3 
CI + C2 
PI 
P2 
P3 
Public 
Stabilization 
of economy 
Community 
improvement 
Settlement 
Total 
Total 
Recreation 
Joes Valley Reservoir R1 
Huntington North 
Reservoir 
Total 
R2 
Fish and wildlife 
Joes Valley Reservoir F1 
Huntington North 
Reservoir 
Total 
F2 
Total 
Aggregate 
9,771 
101 
2,367 
2,563 
5,031 
977 
1,057 
0 
2,034 
16,836 
0 
5,200 
5,200 
0 
20,000 
20,000 
42,036 
42,036 
discussed in text. 
Table 86. Cost of North Huntington facilities 
Type of cost Variable Joes 
name Valley 
Costs 
Swasey Cottonwood Huntington Huntington Drains 
Diversion Creek North Dam North and 
Reservoir Dam Huntington and Service canal 
Canal Reservoir Canal lining 
Total 
Construction 
Number of years 
of interest 
charges 
213,044 
440,000 
858,838 
488,118 
87,170 
4 
3 
2 
1 
0 
K4 
K3 
K2 
K1 
KO 
213,044 
440,000 
804,000 
347,956 
87,170 
54,838 
140,162 
Annual 
Operation, main­
tenance and 
repair OMR 
Colorado River 
Development CRD 
Wildlife range 
loss W 
Lands inundated I 
Total 
3,196 
2,136 
1,994 5,190 
2,136 
0 
0 
5,332 1,994 7,326 
discussed in text. See Table 86 for data source. 
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multiplying the marginal value product of water which was determined, 
in Alternative A, from the simulation model in Chapter 11, times the 
water shortage or the capacity of Huntington North Reservoir, 3100 acre 
feet, whichever is less. 
The benefit-cost ratio was 0.52 at a discount rate of 3 percent. 
Table 81. The conclusion from this analysis is that the Huntington North 
facilities are uneconomic and should not be built. One should note that 
given the current estimate of benefits and costs associated with recreation 
and fish and wildlife and the noncompetitive use of water in the 
Huntington North Reservoir these two uses of water would always be included 
as uses of the water in the reservoir if it were constructed. 
Cottonwood Creek Huntington Canal (Design set seven) 
In design set two the Cottonwood Creek Huntington Canal was used to 
transfer water from Cottonwood Creek to Huntington Area 2, Huntington Area 
3 and/or Huntington North Reservoir. Whether or not Joes Valley Reservoir 
and/or Huntington North Reservoir are constructed water could be diverted 
from Cottonwood Creek for use in Huntington Area 2 and Huntington Area 3. 
Assuming that all of the benefits accruing from irrigation in the Huntington 
Watershed under project design set three were attributable to the Cottonwood 
Creek-Huntington Canal then the benefits would be those stated in Table 82. 
The costs associated with the Cottonwood Creek Huntington Canal are 
those given in Table 87. The benefit-cost ratio which is given in Table 
81 reveals that it would be uneconomical to build the Cottonwood Creek 
Huntington Canal. 
Table 87. Costs of Cottonwood Creek Huntington Canal (Design set number seven)* 
Type of cost 
Costs 
Variable Joes Swasey Cottonwood Huntington Huntington Drains 
name Valley Diversion Creek North Dam North and 
Reservoir Dam Huntington and Service canal 
Canal Reservoir Canal lining 
Total 
Construction 
Number of years 
of interest 
charges 
4 . KA 
3 K3 1,751,500 1,751,500 
2 K2 1,038,000 1,038,000 
1 KI 135,500 135,500 
0 KO 
Annual 
Operation main­
tenance and 
repair OMR 29,000 29,000 
Colorado River 
Development CRD 11,321 11,321 
Wildlife range 
loss W 
Lands inundated I 
Total 40,321 40,321 
^Discussed in text. See Table 80 for data source. 
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Of the structures originally considered in project design set two the 
North Huntington Structures and the Cottonwood Creek Huntington Canal have 
been eliminated from further analysis. Joes Valley Dam and Reservoir has 
been eliminated for multiple purpose use when the active capacity of the 
reservoir is 40,000 acre feet or greater. If the number of water uses are 
decreased then there are other sizes of Joes Valley Dam and Reservoir which 
may be considered. First, irrigation and municipal uses will be considered. 
Then fish and wildlife, recreation and municipal uses will be analyzed. 
Project design set eight 
When only irrigation water use is considered the Bureau estimated a 
5000 acre feet active capacity for Joes Valley Reservoir would be adequate 
to meet irrigation water requirements for the Cottonwood Creek Watershed. 
By viewing the water shortages which existed in the Cottonwood Watershed 
without the project development. Table 71, it would appear that a 6000 
acre foot reservoir would meet total irrigation water requirements in most 
years except 1334. Assuming that a 6000 acre foot active capacity in Joes 
Valley Reservoir would meet full water requirements the benefits accruing 
from such a project are given in Table 88. The cost for the Joes Valley 
Dam and Reservoir are given in Table 89. By looking at the costs and 
benefits it is quite apparent that this project design is economically 
infeasible. The benefit cost ratio associated with the project are given 
in Table 81. The benefit-cost ratio is very low even at a three percent 
interest rate. The conclusion is that a single-purpose reservoir for 
irrigation at the potential Joes Valley Dam Site is uneconomic. 
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Table 88. Annual benefits from irrigation using water stored in Joes 
Vally Reservoir , project design set eight 
Type of benefit 
Benefits 
Cottonwood Area Huntington Area 
Irrigation 
Direct D 7,337 
Indirect 
Class A A1 + A2 7 
Class B B1 + B2 + B3 2,444 
Class C 01 + C2 2,338 
Total 4,775 
Public 
Stabilization 
of economy 
Community 
improvement 
Settlement 
Total 
PI 
P2 
P3 
Total 
Recreation 
Joes Valley Reservoir R1 
Huntington North 
Reservoir 
Total 
R2 
Fish and wildlife 
Joes Valley Reservoir F1 
Huntington North 
Reservoir F2 
Total 
Total 
Aggregate 
734 
1,753 
0 
2,487 
14,599 
0 
0 
0 
0 
0 
14,599 
14,599 
^Discussed in text. 
Table 89. Cost of Joes Valley Reservoir, project design set 8^ 
Costs 
Type of cost Variable Joes Swasey Cottonwood Huntington Huntington Drains Total 
name Valley Diversion Creek North Dam North and 
Reservoir Dam Huntington and Service canal 
Canal Reservoir Canal lining 
Construction 
Number of years 
of interest 
charges 
4 K4 
3 K3 
2 K2 
1 K1 
Annua1 
Operation, main­
tenance and 
repair OMR 
Colorado River 
Development CRD 
Wildlife range 
loss W 
Lands inundated I 
Total 
764,957 
877,207 
847,578 
359,259 
4,616 
2,183 
1,366 
5,099 
13,264 
764,957 
877,207 
847,578 
359,259 
4,616 
2,183 
1,366 
5,099 
13,264 
^Discussed in text. See Table 80 for data source. 
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Project design set nine 
A dam with a 28,300 acre foot capacity constructed at Joes Valley 
Damsite was judged adequate for the recreation and fish and wildlife uses. 
The benefits from such a project are given in Table 90 and the costs in 
Table 91. The resulting benefit-cost ratios are given in Table 81. At 
low interest rates, for exançle, three percent, the recreation and fish 
and wildlife benefits are economic. 
The inadequacy of the current point estimate of benefits from fish and 
wildlife and recreation are emphasized by the fact that a reservoir with 
an active capacity of 28,300 acre feet would have more than adequate water 
to supply the irrigation needs in the Cottonwood Creek Watershed. However, 
the recreation and fish and wildlife water requirements are considered to 
be constant. Consequently no water can be transferred from fish and wild­
life and recreation uses to irrigation uses. If the marginal value 
product of water in various uses were known then it may be possible to 
transfer water from non-irrigation uses to irrigation uses. 
Summary 
Based on the benefit-cost ratios for alternative sets of project 
structures. Table 81, the only alternative which should be considered is 
to build a 28,300 acre foot capacity dam at the Joes Valley Damsite. The 
only water uses would be recreation and fish and wildlife. The rate of 
discount would have to be three percent for even this alternative. If the 
data on recreation, fish and wildlife were specified more adequately it 
may be possible to determine whether irrigation water requirements for the 
Cottonwood Area could be met from the 28,300 acre foot capacity structure. 
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Table 90. Annual benefits from project design set nine , recreation and 
fish and wildlife use of Joes Valley Reservoir 
Benefits 
Type of benefit Cottonwood Area Huntington Area 
Irrigation 
Direct 
Indirect 
Class A A1 + A2 
Class B B1 + B2 + B3 
Class C CI + C2 
Total 
Public 
Stabilization 
of economy Pi 
Community 
improvement P2 
Settlement P3 
Total 
Total 
Recreation 
Joes Valley Reservoir R1 
Huntington North 
Reservoir 
Total 
Huntington North 
Reservoir 
Total 
Total 
Aggregate 
R2 
Fish and wildlife 
Joes Valley Reservoir F1 
F2 
118,146 
0 
118,146 
72,000 
0 
72,000 
190,146 
190,146 
^Discussed in text. 
Table 91, Cost of project design nine^ 
Costs 
Type of cost Variable Joes Swasey Cottonwood Huntington Huntington Drains Total 
name Valley Diversion Creek North Dam North and 
Reservoir Dam Huntington and Service canal 
Canal Reservoir Canal lining 
Construction 
Number of years 
of interest 
charges 
4 K4 
3 K3 
2 K2 
1 K1 
0 KO 
Annual 
Operation, main­
tenance and 
repair OMR 
Colorado River 
Development CRD 
Wildlife range 
loss W 
Lands inundated I 
Total 
1,118,034 
1,282,096 
1,238,790 
525,081 
950,000 
4,616 
1,366 
5,099 
11,081 
525,081 
950,000 
4,616 
0 
1,366 
5,099 
11,081 
^Discussed in text. See Table 80 for data source. 
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Currently, the water requirements for all uses except irrigation are 
specified for only one level, e.g. the recreation benefits are assumed to 
be the same for all sizes of Joes Valley Reservoir from 28,300 to 65,000 
acre feet. 
Based on the benefit-cost ratios using separable costs remaining 
benefits. Table 78, the analysis on land leveling and canal lining revealed 
that only canal lining in the Huntington Watershed is economically 
warranted. 
Several other alternatives considered by the Bureau (63, Table 8, 
p. 7) are not discussed in detail here but were found to be uneconomic. 
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CHAPTER THIRTEEN. REPAYMENT ANALYSIS 
Introduction 
The determination of farmers ability to pay for irrigation water, 
payment capacity, is the central problem of this chapter. The procedure 
will be to first discuss the method of calculating payment capacity used 
in the Emery County study (63, p. 100). Subsequently, procedures to use 
in determining payment capacity in conjunction with linear programming 
solutions will be discussed. Payment capacity calculations associated 
with budgets and with linear programming results will both use the same 
farm wage rates. These farm wage rates are discussed below. 
Farm wages In the farm management study the farm wage rate varied 
from 1.00 to 1.25 dollars per hour. The published U.S.D.A. farm wage rate 
was 0.99 dollars per hour (63, p. 52). The Bureau made some adjustments 
which it felt were equitable and realistic. 
"In this study 1.00 dollars per hour has been used for the 
sheep farm budget and the beef farm budget where the off­
spring are fattened before being sold. In the Grade A Dairy 
farm budget which is intensive and specialized, requiring a 
higher degree of skill an allowance of 1.10 dollars per hour 
has been made. In this budget there are many efficiencies 
such as pipeline milkers, bulk tanks, automatic washing of 
utensils, artificial insemination, etc., with a relatively 
low man labor requirement per cow. Such efficiencies require 
more than average skill and should be rewarded with more 
than average wage rates. In the beef farm budget where 
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there is no fattening the long yearlings the operation 
is relatively extensive and less efficient requiring less 
skill" (63, p. 100). 
Thus, to a certain degree, the farm wage rates used by the Bureau 
reflect a return to management. 
Payment capacity determination under budgeting procedures 
Payment capacity is defined below but incorporates a definition of 
family living allowance. Consequently, the family living allowance as 
determined in conjunction with budgeting studies will be discussed before 
proceeding to a discussion on payment capacity. 
Family living allowance Pre-project and project family living 
allowance are discussed in that order. 
Pre-project family living allowance In the budgeting 
procedure the farm budgets are constructed such that in the pre-project 
situation the gross farm income, Yi, minus fixed costs, Fi, and variable 
cost, Vi, equals return to farm operator and family, as indicated in 
equation 50. 
(50) Yi - Fi - Vi = Li, where 
• th . 
1 = X farm 
Li is the return to the i^^ farmer, where the value is calculated using 
the appropriate farm wage and the amount of family and operator labor used. 
Fi is the fixed cost on the i^^ representative farm where all fixed 
factors of production except labor are valued at their opportunity cost. 
One important observation is that the representative farms in the 
budget analysis are constructed such that the arithmetic works out 
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conveniently. The farm sizes of different representative farms are chosen 
so that the gross farm income approximately equals the fixed plus variable 
costs and the prescribed opportunity cost of labor (63, p. 100). 
Project family living allowance "The family living allowance 
has been determined by the amount of family labor required under 
future conditions of project operation multiplied by the average 
wage rate plus 10 percent of net farm income for a return to 
management" (63, p. 100). 
This family living allowance is defined by equation (51). 
(51) Li' = {Yi' - Fi' - Vi"} 0-10 + 1., where 
i ^ 
P is the appropriate wage rate for labor on the i^^ farm 
i 
1^ is the quantity of family and operator labor used on the farm. 
Payment capacity In the budgeting procedure payment capacity, 
PC^, for the i'^ farm is defined as by equation (52). 
(52) Yi' - Fi' - Vi' - O.lOiYi' - Fi' - Vi'} - Li' = PC^ 
The payment capacity is thus the direct irrigation benefits from 
equation (48), minus a correction for increased use of family labor plus 
ten percent of the net farm income as a return to management, equation (51). 
Payment capacity is thus based on the assumption that after other factors 
of production receive a payment equal to their opportunity cost, water is 
the residual claimant. 
Payment capacity determinations from solutions to linear programming 
analysis 
In the linear programming analysis representative farms were 
delineated on the basis of resource constraints. Farm size was considered 
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to be independent of type of farm, consequently there is no reason to 
believe that in the pre-project situation the gross farm income will 
equal costs plus the designated return to labor. 
Pre-project family living allowance The family living allowance 
under pre-project conditions can be expressed by equation (35) where Nij is 
the family living allowance. The family living allowance varies 
considerably among the representative farms. Also the family living 
allowance varies considerably for any given representative farms over the 
range of water supply. The family living allowance is sometimes less and 
sometimes greater than the wage rate times family and operator labor used. 
To illustrate the family living allowance under different assumption the 
data from the medium beef-fattening farm, which was used to show the 
derivation of direct irrigation benefits in Table 58, will be used. Table 
92. 
Based upon the definition given previously the family living allowance 
for pre-project conditions using the data from the linear programming 
analysis is calculated as shown in equation (52). 
(52) Lij = Pli(lij) 
However, given this value for project family living allowance any of 
the three following situations may exist: 
(a) Nij < Lij; (b) Nij ^  Lij; and (c) Nij = Lij. 
In the case of representative farm number 23 situation (a), Nij <. Lij, 
exists over the entire water demand schedule. Table 92. 
Project family living allowance Based upon the definition given 
previously for the family living allowance for project conditions using 
the data from the linear programming analysis project family living allowance 
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Table 92. Water demand function, net farm income and family living 
allowance for pre-project conditions for representative 
farm 23^ 
Water demand in: Family • living allowance 
Net farm 
Price of Quantity income K 
water of water Ni Li Li' Li* 
12.00 168.88 2179.60 2006.00 2223.96 2397.56 
11.96 174.22 2242.63 2021.00 2245.26 2466.89 
11.63 178.10 2289.30 2033.00 2261.93 2518.23 
11.54 180.00 2309.20 2042.00 2272.92 2540.12 
10.84 180.11 2311.37 2042.00 2273.14 2542.51 
9.84 180.61 2316.18 2043.00 2274.62 2547.80 
9.32 185.33 2360.30 2065.00 2301.03 2596.33 
8.86 186.16 2368.36 2067.00 2303.84 2605.19 
8.33 187.31 2378.28 2068.00 2305.83 2616.10 
8.30 188.55 2385.96 2071.00 2309.60 2624.56 
8.22 189.06 2391.06 2072.00 2311.11 2630.16 
8.20 194.39 2436.01 2086.00 2329.60 2679.61 
7.97 198.27 2466.18 2098.00 2344.62 2712.80 
6.95 203.60 2504.02 2117.00 2367.40 2754.42 
6.84 204.87 2513.29 2120.00 2371.33 2764.61 
6.65 204.98 2514.14 2120.00 2371.41 2765.55 
6.64 205.50 2517.52 2121.00 2372.75 2769.27 
6.38 212.66 2561.76 2141.00 2397.18 2817.93 
5.80 340.10 3302.58 2615.00 2945.26 3632.83 
5.63 340.10 3302.76 2615.00 2945.28 3633.04 
5.40 341.37 3306.38 2617.00 2947.64 3637.01 
5.09 341.89 3309.23 2618.00 2948.92 3640.15 
4.86 342.42 3312.18 2619.00 2950.22 3643.40 
4.70 343.72 3319.46 2621.00 2952.95 3651.41 
4.55 344.84 3323.03 2623.00 2955.30 3655.33 
4.50 350.17 3346.79 2637.00 2971.68 3681.46 
4.38 354.05 3366.73 2649.00 2985.67 3703.41 
3.60 354.58 3368.50 2649.00 2985.85 3705.34 
2.95 357.93 3377.90 2676.00 3013.79 3715.69 
2.76 358.45 3379.32 2677.00 3014.93 3717.25 
^Discussed in text. 
^This is actually Lij* = Nij' + O.lONij'. 
Table 92. Continued 
Water demand in: 
Net farm 
Family living allowance 
Price of Quantity income 
water of water Ni Li Li' Li* 
2.58 360.42 3382.89 2681.00 3019.29 3721.18 
2.51 360.43 3384.68 2681.00 3019.47 3723.15 
2.27 360.87 3384.16 2682.00 3020.42 3722.58 
2.26 362.16 3390.48 2685.00 3024.05 3729.52 
2.18 362.52 3388.30 2685.00 3023.83 3727.13 
2.12 362.72 3388.96 2686.00 3024.90 3727.85 
1.81 362.80 3385.66 2686.00 3024.57 3724.23 
1.68 366^57 3395.84 2691.00 3030.58 3735.43 
1.50 367.22 3394.84 2692.00 3031.48 3734.32 
1.39 367.46 3394.77 2693.00 3032.48 3734.24 
1.20 367.56 3396.07 2693.00 3032.61 3735.67 
1.12 370.82 3402.31 2701.00 3041,23 3742.54 
1.08 373.18 3402.04 2708.00 3048.20 3742.24 
0.96 373.51 3402.57 2709.00 3049.26 3742.82 
0.56 374.33 3401.62 2710.00 3050.16 3741.79 
0.42 375.10 3405.54 2711.00 3051.55 3746.09 
0.00 375.10 3405.54 2711.00 3051.55 3746.09 
is calculated as shown in equation (53). 
(53) Lij' = Pli(li) + O.lONij' 
While this procedure is appropriate for some of the representative 
farms, the project family living allowance, Li, would be less than the 
pre-project family living. Ni, for other representative farms because the 
following inequality may exist, Lij' ^  Nij. Another situation which may 
exist is that in the case of representative farm number 23, a medium 
sized beef farm (Table 57), for most given levels of water use the pre-
project family living allowance. Ni, is greater than the prescribed 
project living allowance, Li', see Table 92 or Figure 7. While there are 
possible levels of project water use and nonproject water use that would 
give a project family living allowance, Li', greater than the pre-project 
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Figure 7. Net farm income (N^) and family living allowance (L^) for 
pre-project condition for representative farm 23 
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family living allowance. Ni, there are also situations where the pre-project 
family living allowance wôuld be greater than the project family living 
allowance. In the latter situations the farmer would actually be made 
worse-off by the project in that year of operation than if no project 
existed. As an example of when family living allowance would increase 
consider the 1954 price of water in the Huntington Area 8.34 dollars per 
acre foot for pre-project conditions and 0.00 dollars for project conditions, 
see Table 71. The pre-project family living allowance was 2368 dollars and 
the project family living allowance, Li', was 3052 dollars. Table 92. The 
increase in family living allowance was 684 dollars. As an example of 
when family living allowance would decrease, consider 1952 when the pre-
project price of water in the Huntington Area was 0.00 dollars per acre 
foot and the project water price was 0.00 dollars per acre foot. Table 71. 
The pre-project family living allowance was 3406 dollars and the project 
family living allowance was 3,052 dollars. The family living allowance 
would be 354 dollars less under project conditions as compared to pre-
project situations in the year under consideration. In summary, one 
criticism of the prescribed method of calculating payment capacity is that 
the farmers may be worse-off in terms of family living allowance under 
project conditions than under pre-project conditions. 
Another criticism of the prescribed method of calculating payment 
capacity is that in order for the representative farm to have the 
designated project family living allowance the farmer may have to receive 
free project water and also be subsidized by a direct paymentI For example, 
assume that the project water supply was 174.22 acre feet, the corresponding 
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price is 11.96 dollars per acre foot, and the pre-project water supply was 
168.88 acre feet. Table 92. The prescribed project family living 
allowance, Li', would be 2245 dollars while the pre-project family living 
allowance. Ni, would be 2180. The increase in family living allowance 
due to the project would be 65 dollars. However, the net farm income 
increased only from 2180 dollars to 2243 dollars as a result of the 
project. In order for the farmer to receive the "appropriate" increase in 
family living allowance, 65 dollars, the 2.00 dollar difference between the 
net farm income and prescribed family living allowance would have to be 
paid to the farmer as a direct subsidy from the government. Furthermore, 
the farmer would have to receive the 5.34 acre feet increase in water free 
of charge. While the circumstances which would call for a subsidy in the 
case of representative farm number 23 are quite limited and didn't occur 
in the project study, see Table 71, a subsidy would frequently be required 
to meet the prescribed family living allowance for small sized representa­
tive farms. 
The first criticism, that Lij* > Nij, can be remedied by introducing 
another equation (54) to determine family living allowance 
(54) Lij* = Pli(dlij) + Nij + O.lONij*, where 
dlij is the change in li between project and pre-project conditions. 
The return to management of ten percent of project net farm income is 
retained. Project family living would then be the larger of the values 
determined in equation (53) and (54). 
The second criticism is discussed as follows. 
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The family living allowance based on equation (54), Li*, is calculated 
for representative farm number 20 and reported in Table 92 and Figure 7. 
The actual values calculated and reported in Table 92 and Figure 7 are for 
Lij* = l.lONij' which is comparable to equation (54) only when project and 
pre-project water supplies are identical. Equation (54) is used when the 
actual pre-project and project water supplies are known. The family living 
allowance as determined by equation (54) can be criticized in that 
frequently a subsidy has to be paid to enable the farmer to receive the 
calculated family living allowance. For example in 1952 when the marginal 
value product of water was zero for project and pre-project conditions the 
prescribed family living allowance, based upon equation (54), would exceed 
the net farm income by ten percent of the net farm income. If the farmer 
was to receive the prescribed family living allowance then the subsidy 
would have to be equivalent to ten percent of the project net farm income, 
the amount of the return to management. The direct irrigation benefits 
would be zero and no project water would be required. 
The second criticism made about the family living allowance determined 
by equation (53) and criticism just raised regarding the family living 
allowance determined by equation (54) is that the designated family living 
allowance can only be met by a subsidy. When a subsidy is required free 
project water may also have to be supplied, as was discussed relating to 
equation (53) above. 
The family living allowance definition used in this study is specified 
by equation (55) 
(55) Li*j* = Pli(dlij) + O.lO(dNij) + Nij. 
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The family living allowance definition thus considers that the change in 
family and operator labor as a result of the project should be paid at the 
hourly wage rate discussed earlier. As a return to management the farmer 
would receive ten percent of the increase in net farm income resulting 
from the project. It should be noted that this ten percent of the 
increase in net farm income resulting from the project is also ten percent 
of direct irrigation benefits or ten percent of the change in farm income 
resulting from the project. Equation (55) also includes the pre-project 
net farm income, i.e. the pre-project family living allowance, as part of 
project family living allowance. 
One advantage of this definition of family living allowance is that 
when pre-project and project water supplies are identical the family 
living allowance is the same for pre-project and project situations. This 
eliminates the problem discussed above for representative farm 23 which 
exists when equation (54) rather than equation (55) is used to define 
family living allowance. 
The problem of a subsidy being required to meet family living 
allowance occurs only when Pli(dlij) is greater than 0.9 (dNij). This 
situation may arise only when operator and family labor is not a limiting 
resource and water is used intensively both in the project and pre-project 
situations. For representative farm 23, see Table 92, the quantity of 
water used when the marginal value product of water is zero is 375.10 acre 
feet. However when the price of water is 5.84 dollars per acre foot the 
quantity of water demanded is 340.10 acre feet. As the price of water 
changes from 5.84 dollars per acre foot to zero dollars per acre foot the 
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increase in quantity ol: water demanded is only 35 acre feet. The 
corresponding increase in net farm income, Nij, was 103 dollars and 
corresponding change in family and operator labor was 96 hours which, 
according to equation 55, would have a value of 96 dollars. Consequently, 
for representative farm number 23 (0.9) Nij will be less than the change in 
the value of family and operator labor whenever the marginal value product 
of water under project conditions is zero and the marginal value product 
of water under pre-project conditions is below 5.80 dollars. Looking at 
the marginal value product, price, of water recorded from the project 
operation. Table 92, this situation exists in 25 of the 40 years of the 
project operation simulated. However, the extent to which the family 
living allowance is greater than the net farm income is very small, 
96 = 92.7 =3.3 dollars. To avoid making subsidies to farmers it was 
assumed that an upper limit existed on family living allowance, as 
expressed by (56). 
(56) Nij' Lij**, where 
Nij' is the project net farm income. 
Payment capacity defined The specification of payment capacity, 
PCij, under project conditions is given by equation (57) 
(57) PCij = Nij' - Lij^f^^, where 
i and j have previously been defined 
PCij is the payment capacity of the i^^ farm in the j^^ year 
Nij' is project net farm income and 
Lij** is family living allowance as defined by equations (55) and (56). 
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Alternatively payment capacity may be stated as equation (58). 
(58) PCij == Dij - O.lODij - Pli(lij) 
subject to PCij > 0. 
The definition of payment capacity stated in (57) and (58) assumes 
that price discrimination can be practiced among farmers when required. 
In the budgeting procedures all farmers are charged the same price per 
acre foot of project water although the ability of the farmers to pay for 
water for irrigation varies slightly (63, Tables 74-76, pp. 102-103). 
Family living allowance and payment capacity of the representative 
farms will be discussed in the next section of this chapter to show the 
expected impact of the project upon the farm firms in the project. Also 
the total payment capacity of the project will be briefly discussed. In 
the subsequent section of this chapter the variation in the payment 
capacity and family living allowance among years will be discussed. Then, 
finally a discussion about the impact upon family living allowance of a 
fixed charge per acre foot of water will finish out this chapter. 
Pre-project farm and area analysis 
The pre-project situation will be briefly discussed to show the 
affect of farm size and type of livestock upon family living allowance, 
operator and family labor use, water shortages and value of water in 
irrigation. The data in Table 93 are for pre-project conditions and show 
the average value, i.e. expected value, over the forty years analyzed in 
the project analysis. 
Pre-project family living allowance Pre-project family living 
allowance for each farm is expressed in terms of the average value over 
Table 93. Annual pre-project; family living allowance, family labor use and water use on 
representative farms^ 
Pre-project situât ion 
Representative Family Operator Hourly Water Water Ratio of Ratio of 
farm number^ living and return on use shortage family "income"' 
allowance family family and living to water 
labor operator allowance use 
labor to water 
use 
dollars hours dollars acre feet acre feet percent 
1 9,338 3,622 2.58 312.0 4.0 1.27 29.93 18.32 
2 14,918 3,622 4.12 505.5 7.0 1.37 29.51 22.35 
3 15,709 3,622 4.34 637.5 22.2 3.37 24.64 18.96 
4 1,713 2,208 0.78 269.7 8.0 2.88 6.435 -1.84 
5 4,387 3,219 1.36 416.7 23.6 5.36 10.53 2.80 
6 6,722 3,603 1.87 593.1 86.4 12.72 11.33 5.26 
7 972 1,876 0.52 267.9 11.5 4.12 3.63 -3.37 
8 3,496 2,936 1.19 434.0 17.3 3.83 8.06 1.29 
9 5,821 3,566 1.63 613.7 70.4 10.29 9.549 3.67 
10 211 1,748 0.12 256.3 21.8 7.84 0.82 -6.00 
11 2,261 2,722 0.83 414.9 33.7 7.51 5.45 -1.11 
12 4,194 3,440 1.22 596.4 84.1 12.36 7.03 1.26 
13 9,045 3,584 2.52 261.4 9.2 3.40 34.60 20.89 
14 14,439 3,584 4.03 423.1 14.4 3.29 34.13 25.66 
15 15,471 3,584 4.32 503.5 61.7 10.92 30.73 23.61 
19 85 1,499 0.06 189.7 38.0 16.69 0.45 -7.45 
20 2,033 2,317 0.88 306.4 62.5 16.94 6.64 -0.93 
21 4,153 3,153 1.32 432.7 123.3 22.17 9.60 2.31 
16 1,472 1,953 0.75 206.5 26.2 11.26 7.13 -2.33 
17 4,167 3,047 1.37 328.7 50.1 13.23 12.68 3.41 
18 6,611 3,542 1.87 423.6 131.2 23.64 15.61 7.25 
-4.19 
1 . 8 8  
5.04 
2.03 
2.89 
2 . 6 1  
^Derived in this study and discussed in text. 
^Defined in Table 37. 
^Assuming no inter-month water transfer. 
^"Income" is family living allowance minus operator and family labor valued at one dollar 
an hour. 
22 777 1,630 0.48 203.6 28.0 12,09 3.82 
23 3,160 2,538 -1.24 330.0 45.1 12.02 9.58 
24 5,794 3,440 1.68 467.3 93.2 16.63 12.40 
Cottonwood 
Area 183,081 140,895 1.30 20,774 1,692 7.53 8.81 
Huntington 
Area 468,992 346,506 1.35 42,437 7,886 15.67 11.05 
Project 652,073 487,401 1.34 63,211 9,578 13.16 10.32 
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the forty years of project simulation. Table 93. There is considerable 
variation in family living allowance among types of farms. As the farm 
size increases the family living allowance increases but at a faster rate 
as reflected in the data on hourly return on family and operator labor. 
For any given size of farm the dairy farms have the largest pre-project 
family living allowance. The family living allowance on other farms is 
considerably less than on the dairy farms. In this study the family living 
allowance for any given size of farm is lowest on the beef farm. Many of 
the small farms show a very low return on operator and family labor. One 
reason why this low return on operator and family labor occurs is because 
these small farmers are assumed to have a full set of machinery. If the 
farmers on these small farms were able to share machinery with farmers on 
other farms then the fixed cost associated with these farms may be reduced. 
The Bureau of Reclamation did assume that some machinery could be used by 
two or three farmers. Since comparable restrictions on machinery were not 
built into the representative farm models all the costs associated with a 
full set of machinery on the small farms was assumed. The reduction in 
costs due to a reduced set of machinery would be significant but in general 
would not increase pre-project family living allowances of farmers on small 
farms to the extent that the farmers would receive hourly wage comparable to 
those recommended in the first part of this chapter. 
The hourly return on family and operator labor for the total project 
is 1.34 dollars an hour. 
Water use in irrigation The average yearly quantity of water used 
by representative farms over the forty-year period of project analysis is 
given in Table 93. The percentage water shortage data reveal that the 
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average water shortage in the Cottonwood Area is 7.53 percent while it is 
15.67 percent in the Huntington Area, The variation in percentage water 
shortage among farms within the Huntington Area ranges from 3.29 to 22.17 
percent. In the Cottonwood Area the comparable range is from 1.27 to 12.72 
percent. If the water had been allocated to representative farms on the 
basis of the rule allocation of water discussed in Chapter 7 rather than on 
the basis of economic efficiency, then the watfer shortages would have been 
quite different at the representative farm level but would have been the 
same at the project level. 
Value of water in irrigation The ratio of family living allowance 
to water use indicates the average per acre foot value of water when all 
resources except family and operator labor are paid their opportunity cost. 
The ratio of "income" to water use indicates the per acre foot value of 
water when all resources are paid their opportunity co;*"- The opportunity 
cost of family and operator labor is assumed to be one dollar an hour. 
The value of water in irrigation varies considerably among farm types and 
sizes. The value of water is greatest on the dairy farms. The small 
farms, with the exception of the dairy farms, have a negative value of 
water when all other resources are valued at opportunity cost. 
Analysis of irrigation farms and project under Alternative B 
Direct irrigation benefits, project water use, water shortage, change 
in family and operator labor use, change in family living allowance and 
payment capacity of farmers will be discussed in relation to farm type. 
The data is presented on a per farm basis and per acre basis in Tables 94 
and 95 respectively. Finally, direct irrigation benefits, payment capacity 
Table 94. Annual direct irrigation benefits, project water use and payment capacity of 
representative farms® 
Representative Direct Project Change in family living allowance Water Change 
farm number^ irrigation water and payment capacity due to shortage in family 
benefits used project water and 
dLi* PCi* dLi** PCi operator 
labor 
dollars acre feet dollars dollars dollars dollars acre feet hou 
1 107 4.0 975.30 -868.30 42 65 0.0 28 
2 157 6.6 1,538.30 -1,381.30 47 110 0.4 28 
3 224 20.4 1,624.10 -1,400.10 54 170 1.8 28 
4 64 7.6 211.70 -147.70 40 24 0.4 34 
5 131 20.7 512.80 -381.80 74 57 2.9 61 
6 216 71.3 737.80 -521.80 65 151 15.1 44 
7 76 11.0 147.80 -71.80 46 30 0.5 43 
8 125 17.9 431.10 -306.10 75 50 0.6 69 
9 215 58.2 678.60 -463.60 88 127 12.2 75 
10 88 18.1 89.30 -1.30 75 13 3.7 66 
11 145 29.8 336.90 -191.90 122 23 3.9 107 
12 197 70.4 555.20 -358.20 148 49 13.7 129 
13 248 8.8 1,000.80 -752.80 97 152 0.4 65 
14 360 14.0 1,551.40 -1,191.40 108 252 0.4 65 
15 595 58.1 1,678.10 -1,083.10 132 464 3.6 65 
19 199 35.6 144.50 54.50 136 63 2.4 129 
20 328 58.6 425.10 -97.10 222 106 3.9 210 
21 460 116.5 689.90 -229.90 275 185 6.8 254 
16 200 25.6 282.20 -82.20 135 65 0.6 115 
17 327 48.4 665.40 -338.40 249 78 1.7 216 
18 487 122.0 815.80 -328.80 155 333 9.2 106 
22 193 27.4 203.00 -10.00 125 68 0.6 106 
23 317 44.1 518.70 -201.70 203 114 1.0 171 
24 507 89.4 835.10 -328.10 256 252 3.8 205 
Cottonwood Area 6,755 1,440 18,984 -12,229 4,195 2,560 252 3,379 
Huntington Area 43,815 7,476 51,287 -7,465 25,326 18,489 410 22,199 
Project 50,570 8,916 70,264 -19,694 29,521 21,049 662 25,578 
^Defined in text. 
^Defined in Table 37. 
Table 95. Annual direct irrigation benefits and payment capacity of representative farms on 
the basis of irrigated, cultivated land® 
Representative Direct Project Change in family living allowance Change in 
farm number irrigation water and payment capacity due to project family and 
benefits used water operator 
dLi* PCi* dLi** PCi 
dollars acre feet hours 
1 1.78 0.07 16.25 -14.47 0.70 1.08 0.47 
2 1.61 0.07 15.83 -14.21 0.48 1.13 0.29 
3 1.49 0.14 10.83 -9.33 0.36 1.13 0.19 
4 1.07 0.13 3.53 -2.46 0.67 0.40 0.56 
5 1.35 0.21 5.28 -3.93 0.76 0.59 0.63 
6 1.44 0.48 4.92 -3.48 0.44 1.00 0.30 
7 1.26 0.18 2.46 -1.20 0.77 0.49 0.71 
8 1.29 0.18 4.44 -3.15 0.77 0.52 0.71 
9 1.43 0.39 4.52 -3.09 0.59 0.84 0.50 
10 1.47 0.30 1.49 -0.02 1.25 0.23 1.10 
11 1.49 0.31 3.47 -1.97 1.25 0.24 1.10 
12 1.31 0.47 3.70 -2.39 0.99 0.32 0.86 
13 4.15 0.15 16.68 -12.55 1.62 2.53 1.09 
14 3.71 0.14 15.96 -12.26 1.11 2.60 0.67 
15 3.97 0.39 11.19 -7.22 0.88 3.09 0.44 
16 3.32 0.59 2.41 0.91 2.26 1.06 2.14 
17 3.37 0.60 4.37 -1.00 2.28 1.09 2.16 
18 3.06 0.78 4.60 -1.53 1.83 1.23 1.70 
19 3.33 0.43 4.70 -1.37 2.24 1.08 1.91 
20 3.36 0.50 6.85 -3.48 2.56 0.80 2.22 
21 3.25 0.81 5.44 -2.19 1.03 2.22 0.71 
22 3.21 0.46 3.38 -0.17 2.08 1.13 1.76 
23 3.26 0.45 5.34 -2.08 2.08 1.18 1.76 
24 3.38 0.60 5.57 
Cottonwood Area 1,39 0.30 3.91 
Huntington Area 3.34 0.60 3.91 
Project 2.81 0,50 3.91 
^Defined in text. 
^Defined in Table 37. 
2.19 
2.52 
0.57 
1 .10  
1.71 
0.86  
1.93 
1.64 
1 .68  
0.53 
1.41 
1.17 
1.37 
0.70 
1.69 
1.42 
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Table 96. Annual direct irrigation benefits and payment capacity of 
representative farms per acre foot of water supplied by 
the project® 
Representative 
farm number^ 
Project Direct Change in family living 
water irrigation allowance and payment capacity 
used benefits due to project water 
(total) dLi* PCi* dLi** PCi 
acre feet dollars dollars dollars dollars dollars 
1 4.0 26.75 243.82 -217.07 10.50 16.25 
2 6.6 23.79 233.08 . -209.29 7.12 16.67 
3 20.4 10.98 79.61 -68.63 2.65 8.33 
4 7.6 8.42 27.86 -19.43 5.26 3.16 
5 20.7 6.33 24.77 -18.44 3.57 2.75 
6 71.3 3.03 10.35 -7.32 0.91 2.12 
7 11.0 6.91 13.44 -6.53 4.18 2.73 
8 17.9 6.98 24.08 -17.10 4.19 2.79 
9 58.2 3.69 11.66 -7.97 1.51 2.18 
10 18.1 4.86 4.93 -0.07 4.14 0.72 
11 29.8 4.87 11.31 -6.44 4.09 0.77 
12 70.4 2.80 7.89 -5.09 2.10 0.70 
13 8.8 28.18 113.73 -85.55 11.02 17.16 
14 14.0 25.71 110.81 -85.10 7.71 18.00 
15 58.1 10.24 28.88 -18.64 2.27 7.97 
19 35.6 5.59 4.06 1.53 3.82 1.77 
20 58.6 5.60 7.25 -1.66 3.79 1.81 
21 116.5 3.95 5.92 -1.97 2.36 1.59 
16 25.6 7.81 11.02 -3.21 5.27 2.54 
17 48.4 6.76 13.75 -6.99 5.14 1.61 
18 122.0 3.99 6.69 -2.70 1.27 2.72 
22 27.4 7.04 7.41 -0.36 4.56 2.48 
23 44.1 7.19 11.76 -4.57 4.60 2.59 
24 89.4 5.67 9.34 -3.67 2.86 2.81 
Cottonwood 
Area 
Huntington 
Area 
Project 
1,440 
7,476 
8,916 
4.69 
5.86 
5.67 
13.18 
6.86 
7.88 
-8.49 
1.00 
- 2 . 2 1  
2.91 
3.39 
3.31 
1.78 
2.47 
2.36 
^Discussed in text. 
^Defined in Table 37. 
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and increase in family living allowance per acre foot of supplemental 
water are presented in Table 96. 
Direct irrigation benefits The direct irrigation benefits shown 
in Table 94 are average annual benefits which could be expected over the 
economic life of the project. Since the water availability under pre-
project conditions per acre of irrigable cultivated land is greater in the 
Cottonwood Watershed than in the Huntington Watershed one would expect the 
direct irrigation benefits to be lower in the Cottonwood Area than in the 
Huntington Area. The data in Table 94 reveal that the direct irrigation 
benefits for representative farms in the Huntington Watershed are more 
than twice as great as in comparable farms in the Cottonwood Watershed. 
The average annual direct irrigation benefits are quite small on all types 
of farms. 
Value of project water in irrigation In Table 96 direct 
irrigation benefits are expressed on the basis of per acre foot of water 
supplied by the project. At the project level the direct irrigation 
benefits per acre foot of water supplied by the project are 5.67 dollars. 
The direct irrigation benefits per acre foot of project water on dairy 
farms is very high. However, since the quantity of project water which is 
required is quite small the total direct irrigation benefits are small. 
Project water use and water shortage The annual water shortage at 
the project level under Alternative A was 13.16 percent or 9578 acre feet. 
Table 93. Under Alternative B the project water shortage was reduced to 
662 acre feet or 0.09 percent. The amount of project water used at the 
project level was 8916 acre feet. Table 94. Most of the project water, 
7476 acre feet, was used in the Huntington Watershed. The reasons for 
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this are that (a) there is more land to be irrigated in the Huntington 
Watershed and (b) there is twice as much project water per acre of 
cultivated, irrigated land, required in the Huntington Watershed as 
compared to the Cottonwood Watershed, see Table 95. 
Family living allowance and payment capacity Two definitions were 
used for calculating payment capacity and the numerical values obtained are 
reported in Tables 94 through 96. The change in family living allowance 
which corresponds to the calculated values of payment capacity are also 
reported in the tables. 
The payment capacity designated PCi* is determined by equation (59). 
40 
(59) PCi* = Z Dii - Lii*, where 
j=l 40 
Dij is defined by equation (37) and 
Lij* is defined by equation (54). 
This payment: capacity was discussed earlier and will not be discussed 
here except to note that for most farms the payment capacity would be 
negative indicating that a subsidy would have to be paid to the farmers if 
they were to obtain the prescribed level of family living allowance. 
The definition of payment capacity PCii is given in equation (57). 
40 
The payment capacity, PCi, reported in Table 94 is ^ PCii. This 
3=1 40 
definition of payment capacity comes nearest to the definition used in 
the budgeting studies by the Bureau. 
At the project level the payment capacity is about 42 percent of the 
direct irrigation benefits. The remaining 58 percent of the direct irriga­
tion benefits is defined as the change in family living allowance. Under 
project Alternative B as compared to Alternative A the increase in family 
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and operator labor amôunts to 25,578 hours at the project level. Given 
that this labor is worth approximately one dollar per hour the increase 
in use of family and operator labor accounts for most of the change in 
family living allowance, which was 29,521 dollars. The remaining increase 
in family living allowance is accounted for as the return to management 
which is calculated as ten percent of the direct irrigation benefits, or 
5057 dollars. Consequently, the increase in family living allowance due 
to increased use of operator and family labor was 24,464 dollars. 
In addition to using more operator and family labor under Alternative 
B as compared to Alternative A the farmers also used more of some other 
inputs such as capital. This capital is evaluated in the farm model at 
an opportunity cost of six percent. At the project level the 5057 dollars 
mentioned above as an increase in family living allowance represents the 
return to the farm operators for incurring additional risk and supplying 
additional management required under Alternative B. 
Water use, irrigation benefits and payment capacity under budget 
analysis and linear programming analysis compared 
Water use The water use in the budget analysis compared to 
the linear programming analysis was greater for the Huntington Watershed 
but less for the Cottonwood Watershed, Table 97. The water shortages and 
water requirements under the budget analysis are not consistent. The water 
available in the Cottonwood Area under Alternative A plus the additional 
water made available by Alternative B indicates that the annual water 
shortage should be 1,814 acre feet rather than the 812 acre feet indicated 
in Table 97. The water available in the Huntington Watershed under 
Alternative A plus the additional water supplied under Alternative B suggest 
Table 97. Annual water use, irrigation benefits and payment capacity under budgeting analysis 
and linear programming analysis 
Item Unit 
Budget analysis Linear programming analysis 
Cottonwood Huntington Cottonwood Huntington 
Water requirement 
Water available 
(Alternative A) 
Water shortage 
Additional water 
available 
(Alternative B) 
Remaining water 
shortage 
1000 ac. ft. 
II 
Percent 
1000 ac. ft. 
II 
Percent 
a 
20.3 
12.586^ 
7.714^ 
38.0 
5 .9® 
0.812 
4 .o f  
54.3 
33.666^ 
20.634^ 
38.0 
22 .2® 
0.2172 
4.of 
22.466 
20.744 
1.692 
7.53 
1.44 
0.252 
1 . 1 2  
Discussed in text. 
50.323 
42.437 
7.886 
15.67 
7.476 
0.410 
0.81 
Water requirements for budget analysis are from (63, Table 3, p. 9). 
Skater availability under Alternative A, "pre-project conditions", was estimated at 62 percent 
of plant water requirements (63, p. 75). 
^Water shortages under Alternative A, "pre-project conditions", were estimated at 38 percent of 
plant water requirements (63, p. 75). 
®(63, Table 3, p. 9). 
^Water shortages under Alternative A were estimated at 4 percent of plant water requirements 
(63, p. 75). 
Table 97. (Continued) 
Item Unit 
Budget analysis Linear programming analysis 
Cottonwood Huntington Cottonwood Huntington 
Direct irrigation 
benefits 
(a) Total 
(b) Per acre 
(c) Per acre foot 
of additional 
water 
Payment capacity 
(a) Total 
(b) Per acre 
(c) Per acre foot 
of additional 
water 
1000 dollars 
dollar 
1000 dollars 
dollar 
247.388^ 
13.18 
12.13 
92.662 
4.81 
4.43 
6.755 
1.39 
4.69 
2.560 
0.53 
1.78 
43.815 
3.34 
5.86 
18.489 
1.41 
2.47 
^Irrigation benefits assumed only 4 percent return on farmers investment (63, Table 8, 
p. 112). 
These values were taken from Table 94. 
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that there is an annual 1,566 acre foot surplus of water in the 
Huntington Watershed. These inconsistencies in the budget analysis will 
not substantially affect the following discussion. 
The most important difference between the budget analysis and the 
linear programming analysis is the water shortage under Alternative A. 
While there is a 38 percent water shortage in the case of budget analysis 
the water shortage in the Huntington Watershed under the linear programming 
analysis is only 15.67 percent. Expressed alternatively in terms of water 
availability the average annual water availability in the Huntington 
Watershed was 42,437 acre feet in the linear programming analysis and only 
33,666 acre feet in the budget analysis. This difference in water 
availability is due to the inclusion of the set of inter-month water 
transfer activities in the regional water allocation model. If the 8,771 
acre feet of water made available due to inter-month water transfer is 
valued at 5.86 dollars, which is the average irrigation benefit per acre 
foot of additional water under the linear programming analysis in Table 
97, then the total direct irrigation benefits due to inter-month water 
transfer is 51,398 dollars. This estimated value would be a lower limit 
on the value of the water. To determine the correct value of permitting 
inter-month water transfers would require one to run Alternative A of the 
regional water allocation model without the inter-month water transfer 
activities. 
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Irrigation benefits The irrigation benefits for the Cotton­
wood and Huntington Watersheds in the budget analysis have been combined 
because no separate analysis was made for the Cottonwood Watershed (63, 
p. 112). Both on a per acre and per acre foot basis the direct irrigation 
benefits are considerably less in the linear programming analysis than in 
the budget analysis. Note that direct irrigation benefits are not cal­
culated in a comparable manner since the interest on investment was only 
four percent and interest was not charged on capital required to meet 
current expenses in the budget analysis. 
Payment capacity The method of calculating payment capacity 
under the budgeting procedure was given in equation (52) and the procedure 
under the linear programming analysis was given in equation (57). While 
these two methods are not identical they are similar. The payment 
capacity under the budget analysis is considerably larger than under the 
linear programming analysis. This was expected since there was such a 
large difference in the direct irrigation benefits. 
A note on land classes The Bureau was concerned that it 
incorporate land classes information into its economic analysis and 
repayment analysis. Consequently, information on payment capacity on a 
per acre basis for different land classes was calculated in the Bureau 
study. The payment capacity per acre for land classes 1, 2 and 3 was 8.61, 
5.24 and 2.57 dollars respectively. However, when repayment for project 
water was considered a single rate of 1.81 dollars per acre foot was 
adopted. The single rate was adopted for the following reasons: 
(a) administrative simplicity; (b) no farm has class 3 land exclusively 
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and in general the land classes are dispersed throughout the project in 
small tracts; and (c) farmers willingness to pay. 
In the linear programming analysis the farms were constructed 
assuming all land classes existed on each farm. Consequently, the 
productivity of various land classes is reflected in the farm firm's 
demand curve for water. 
Repayment analysis 
Contingency factor Payment capacity was defined earlier and 
values for payment capacity were determined and reported in tables, for 
example, Table 97. Two other factors must be considered before repayment 
rates are determined. First, the Bureau assumed a contingency factor of 
fifteen percent of the payment capacity. The fifteen percent contingency 
factor is presumably calculated in lieu of errors in estimating payment 
capacity or operation, maintenance and replacement costs. In the budget 
analysis this contingency factor was 13,899 dollars. Table 98. The same 
contingency factor, 13,899 dollars was assumed for the linear programming 
analysis. 
Operation, maintenance and repair costs The second factor which 
must be considered is the project operation, maintenance and replacement 
costs. The operation maintenance and replacement costs of ditches etc., 
which exist under Alternative A are paid by the existing ditch systems. 
In addition water users must pay for operation, maintenance and replace­
ment costs of project features added under Alternative B. These costs 
are estimated at 27,180 dollars and are allocated in accordance with the 
use of facilities (63, pp. 101-107). 
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Table 98. Annual repayment determination for project structures 
required under Alternative B for budgeting analysis and 
linear programming analysis 
Item Unit 
Budget 
analysis 
linear 
programming 
analysis 
Payment capacity 
Expenditures 
(a) Contingency 
factor 
(b) Operation and 
maintenance 
Repayment 
(a) Total 
(b) Per acre 
(c) Per acre foot 
of water 
i) calculated 
ii) recommended 
Dollars 92,662 
13,899 
27,180 
51,583 
2.75 
1.86 
1.81 
18,489 
13,899 
27,180 
-20,030 
-1 .11 
-2.25 
Repayment The total repayment installment from the Cottonwood and 
Huntington Watershed is 51,583 dollars under the budget analysis. In Table 
98 the repayment capacity is recorded at 1.86 dollars per acre foot water. 
In the Bureau report of value of 1.81 dollars per acre foot is calculated 
for the Huntington Area and 1.94 is calculated for the Cottonwood Area. 
The accepted repayment rate was 1.81 dollars an acre foot. 
The repayment derived from the linear programming analysis for the 
project is negative. The payment capacity is not adequate to meet the 
operation and maintenance costs. This result is not surprising since it 
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was determined in Chapter 12 that Alternative B was uneconomic. 
Development period A three-year development period was considered 
to be adequate and no project charges were assessed for the first three 
years of project operation. 
"Because this is primarily a supplemental water project, 
benefits will be realized with very little change in types 
of farming and only small additional land development costs. 
A three-year period would permit farmers to improve their 
irrigation distribution system, leveling, work out rotation 
programs, and secure additional livestock before having to 
pay construction charges" (63, p. 109). 
Reserve fund for operation and maintenance In addition to these 
two expenditures provisions were made for a reserve fund of 20,000 dollars 
for operation and maintenance to assure continued operation of project 
works (63, p. 107). Because it is reserve fund it is not considered as 
an annual expense in Table 98. 
Snmmflry 
Procedures for calculating repayment analysis are described in this 
chapter. In determining repayment other items of interest such as family 
living allowance, value of project water in irrigation and payment 
capacity are discussed. The repayment capacity of farmers for Alternative 
B as determined by budgeting analysis and linear programming analysis is 
shown in Table 97. The payment capacity is 4.43 dollars and 2.47 dollars 
per acre foot of water under budgeting and linear programming analysis 
respectively. The average annual quantity of water required to meet 
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irrigation requirements under the budgeting procedure was about 28,300 
acre feet while the quantity in the linear programming procedure was 
about 9,500 acre feet (Table 97). The project payment capacity is thus 
92,662 dollars and 18,489 dollars under the budgeting and linear programming 
analysis respectively (Table 98). After adjusting the payment capacity for 
a contingency factor and operation and maintenance costs the total project 
repayment under the budgeting and linear programming analysis was 51,583 
and -20,030 dollars respectively. The conclusion from the linear 
programming analysis is that the structures built under Alternative B, 
project conditions, for the Emery County Area should not have been 
constructed. 
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CHAPTER FOURTEEN» REVIEW OF STUDY 
Summary and conclusions 
This study is part of a research project being conducted in the area 
of water resources development for the Bureau of Reclamation by Iowa 
State University. The primary objective is to develop a systems analysis 
approach for evaluating project feasibility and repayment analysis with 
particular emphasis on irrigation. The research contract calls for 
application of the research techniques. Consequently the Emery County 
Project is evaluated. The method and techniques applied to the Emery 
County Project are broad in perspective and have application to private 
as well as public water development in developed and less developed 
countries. 
The Emery County Project had previously been analyzed using budget 
analysis by the Bureau. Consequently, most of the data used in this study 
were taken from the previous study. Some additional secondary data were 
used. Most of the production data used in the Bureau study were obtained 
by farm interviews in the project area. Bureau personnel were occasionally 
consulted regarding the data and the project area and were very cooperative 
and helpful. However,, some additional assumptions were made regarding the 
data and errors resulting from these assumptions and other errors are the 
responsibility of the author. 
This study consists of two stages of analysis and programming. In 
the first stage water was optimally allocated at the firm level. Normative 
demand functions for water were generated for each of the representative 
farm firms. This first stage of analysis was accomplished through a 
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number of analytical and theoretical steps. First, the production problems 
of the firm were discussed. Farm crop production data from Emery County 
which showed the response of various crops to soil class and water were 
used to generate crop production functions. These crop production functions 
were used to derive crop production coefficients for inclusion in repre­
sentative farm linear programming models. The crop production data 
represent average managerial ability at the time the project was initiated. 
The next step was to present the linear programming model and solve 
and interpret some small examples. This step serves to acquaint Bureau 
Personnel with the construction and interpretation of such models. 
The third step was to build linear programming models for the 
representative farm firms. Twenty-four representative farms were 
delineated to include four livestock types on three farm sizes in two 
watersheds which have different soil and water resources. Only one level 
of technology was used for farm machinery. However, the capacity of 
building was determined within the analysis. 
The fourth step was to illustrate the impact of optimal intra-farm 
resource allocation upon farm income for one representative farm. This 
exercise also illustrated the use of linear programming as a tool to 
calculate complete farm budgets. 
The fifth step was to determine a normative demand curve for water 
for each representative farm. The normative demand curve for a repre­
sentative farm shows the quantity of water which should be purchased at 
each price of water. The normative demand curves for farms of the same 
size are quite different for the various types of livestock. The benefits 
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which could be gained from optimal inter-farm allocation of water, as 
compared to a specific project rule for allocating water, are illustrated. 
The normative demand cuirve data for representative farms is used in 
the second stage of analysis for determination of aggregate water demand 
functions. Other information from the solutions for the representative 
farms is also used in the second stage of the analysis for determination 
of benefit-cost analysis and repayment analysis. 
The second stage of analysis also consists of a number of theoretical 
and analytical steps. First the recursive linear programming regional 
water allocation model is specified. Next the water availability data and 
the water demand functions are incorporated into the model so that inter­
temporal and inter-spatial aspects are considered. Thirdly, the water 
allocation model is used to simulate forty years of project operation under 
two sets of project structures using "historical" water flow data. Water 
flow was not measured for the complete forty-year period but missing data 
were estimated by the Bureau. The two alternatives for which optimal 
allocation of water among users was determined were the situation which 
correspond to the Bureau's "pre-project" and "project" situations and are 
designated project design set one and project design set two. The solution 
for one year for project design set two was used to illustrate how the 
solution could be used for scheduling irrigation water delivery. Given an 
estimate of water flow based on snow pack and an estimate of water in 
storage the solution of the water allocation model shows the quantity of 
water which should be delivered and the alternative sources of the water 
for any time period during the year at any location in the project. 
While the water demand data in the model are based upon a typical growing 
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season the solution can readily be modified and interpreted for any year 
based upon heat units. The solution for these two project situations 
were used for the benefit-cost analysis and repayment analysis in this 
study. 
The number of alternative project design sets which were possible based 
upon the discussion in Chapter 12 were systematically eliminated in this 
study. The project design sets which required analysis are listed in 
Table 99. Project design set one is the standard to which alternative 
additional water resource developments are compared. The increase in 
benefits from any project design set are those which occur in addition 
to those existing under pre-project conditions, project design set one. 
Under the Bureau's budget analysis water is not allocated optimally either 
within the farm, intra-farm, or between farms, inter-farm. However, in 
this study water is allocated optimally both intra-farm and inter-farm. 
Project design set two was constructed by the Bureau. However, in the 
current analysis the benefit-cost ratio of design set two is only 0.67. 
Based on the current benefit-cost analysis project design two would not 
be constructed. 
The analysis of project design sets two through nine showed all 
proposed structures as being uneconomic, except Joes Valley Reservoir for 
limited use. Note that even with Joes Valley Reservoir water would be 
used for domestic, municipal and industrial purposes. The 28,300 acre 
foot active capacity of Joes Valley Reservoir would be used for recreation 
and fish and wildlife. Irrigation was eliminated even though irrigation 
benefits were estimated to include, in addition to direct irrigation 
Table 99. Benefit-cost analysis of some alternative project design sets for the Emery County 
Project* 
Structures included 
Project 
design 
set 
Joes 
Valley 
Reservoir 
(acre feet) 
Cottonwood 
Creek 
Huntington 
Canal System 
North 
Huntington 
System 
Benefit-cost 
ratios (3% 
discount 
rate)b 
Domestic, 
municipal 
and 
industrial 
One Standard Yes 
Two 50,000 Yes Yes 0.67 Yes 
Three 65,000 Yes Yes 0.64 Yes 
Four 50,000 Yes Yes 0.68 Yes 
Five 40,000 Yes Yes 0.69 Yes 
Six No No Yes 0.52 Yes 
Seven No Yes No 0.51 Yes 
Eight 6,000 No No 0.12 Yes 
Nine 28,300 No No 1.03 Yes 
^Source (Table 73). 
^Source (Table 81). 
Table 99. Continued 
Water use included 
Project Supplemental irrigation Recreation Fish and wildlife 
design Cottonwood Huntington Joes North Joes North 
set Watershed Watershed Valley Huntington Valley Huntington 
Reservoir Reservoir Reservoir Reservoir 
One No No No No No No 
Two Yes Yes Yes Yes Yes Yes 
Three Yes Yes Yes Yes Yes Yes 
Four Yes Yes Yes Yes Yes Yes 
Five Yes Yes Yes Yes Yes Yes 
Six No Yes No Yes No Yes 
Seven Yes Yes No No No No 
Eight Yes No No No No No 
Nine No No Yes No Yes No 
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benefits, questionable benefits such as indirect and public benefits. At 
higher interest rates the benefit-cost ratio of project design set nine 
drops below one and Joes Valley Reservoir should not be constructed even 
for recreation and fish and wildlife. 
In addition to the above benefit-cost analysis an attempt was made to 
indicate the profitability of land leveling and canal lining which were 
assumed to have occurred at the farm level and the project level 
respectively. While the estimated costs of these two courses of action 
are known the benefits which resulted were only roughly estimated as 
lower limits. In addition, the benefits from prevention of loss of 
irrigable land has not been estimated. Thus the benefit-cost ratios can 
only indicate whether none, one, or both of the two alternatives will 
definitely be profitable. This limited analysis cannot eliminate either 
of the two alternatives. Canal lining in the Huntington Watershed was the 
only alternative which had a favorable benefit-cost ratio when a three 
percent discount rate was used. Even at a six percent discount rate canal 
lining in the Huntington Watershed was profitable. Additional analysis is 
required to determine more accurate benefit-cost ratios for canal lining 
in the Cottonwood Watershed and land leveling in both watersheds. 
Benefits associated with discontinuing inter-mountain water transfers 
were estimated, using shadow prices, at an annual amount of 796 dollars 
assuming that (a) no project structures were constructed, (b) canals were 
lined and (c) farmers leveled their land. 
The final step in the analysis was to determine the farmers' ability 
to pay for water and the affect of the project on farmers* living allowance. 
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This part of the analysis is limited to consideration of project design 
set one, pre-project conditions, and project design set two, project 
conditions for the structures and uses constructed by the Bureau. 
The representative farms in the budget analysis are constructed such 
that the arithmetic works out conveniently and farm operator and family 
labor receives its prescribed income in the pre-project situation. The 
increased income, in the budget procedure, resulting from the project is 
calculated as the increased use of operator and family labor times a 
certain hourly wage rate plus a return to management, ten percent of the 
increase in net farm income. However, in the linear programming analysis 
the calculations of return to family and operator labor most frequently do 
not work out in the same neat manner that they do in the budget analysis. 
The pre-project family living allowances is either greater or less than 
the number of hours of family and operator labor times the hourly wage. 
Frequently the farmer's ability to pay for irrigation water is negative 
if, in addition to paying variable costs and rewarding other fixed factors 
with their opportunity cost, the farmer and his family are to receive the 
same hourly wage rate that hired farm labor receives. Payment capacity 
using the linear programming results was defined as the residual income 
after (a) all variable costs were paid, (b) fixed factors except for labor 
received their opportunity cost, and (c) labor received its pre-project 
family living allowance plus the farm wage rate times the increase in 
number of hours of operator and family labor plus ten percent of incremental 
net farm income. For an exact definition see equation (57). 
The discussion below summarizes the water use, irrigation benefits 
and payment capacity under budget analysis (63) and linear programming in 
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the current study. 
The total water use for irrigation in the budget analysis compared to 
the linear programming analysis was greater for the Huntington Watershed 
but less for the Cottonwood Watershed, Table 97. The water shortages and 
water requirements under the budget analysis are not consistent, Table 97. 
The water available in the Cottonwood Watershed under project design set 
one plus the additional water made available by project design set two 
indicates that the annual water shortage should be 1,814 acre feet rather 
than the 812 acre feet indicated in Table 97. The water available in the 
Huntington Watershed under project design set one plus the additional 
water supplied under project design set two suggest that there is an 
annual 1,566 acre foot surplus of water in the Huntington Watershed. These 
inconsistencies in the budget analysis will not substantially affect the 
following discussion. 
The most important difference between the budget analysis and the 
linear programming analysis is the water shortage under project design set 
one. While there is a 38 percent water shortage in the cost of budget 
analysis the water shortage in the Huntington Watershed under the linear 
programming analysis is only 15.67 percent. Expressed alternatively in 
terms of water availability, the average annual water availability in the 
Huntington Watershed was 42,437 acre feet in the linear programming 
analysis and only 33,666 acre feet in the budget analysis. This difference 
in water availability is partly due to the inclusion of the set of inter-
month water transfer activities in the regional water allocation model. 
If the 8,771 acre feet of water made available due to inter-month water 
transfer is valued at 5.86 dollars, which is the average irrigation 
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benefit per acre foot of additional water under the linear programming 
analysis in Table 97, then the annual total direct irrigation benefits due 
to inter-month water transfer is 51,398 dollars. This estimated value 
would be a lower limit on the value of the water. To determine the 
correct value of permitting inter-month water transfers would require one 
to simulate Alternative A of the regional water allocation model without 
the inter-month water transfer activities. 
The irrigation benefits for the Cottonwood and Huntington Watersheds 
in the budget analysis have been combined because no separate analysis was 
made for the Cottonwood Watershed. Both on a per acre and per acre foot 
basis the direct irrigation benefits are considerably less in the linear 
programming analysis than in the budget analysis. Note that direct 
irrigation benefits are not calculated in a comparable manner. The interest 
on investment was only four percent in the budget analysis and interest was 
not charged on capital required to meet current expenses in the budget 
analysis. A six percent interest rate was charged in the linear programming 
analysis. 
The method of calculating payment capacity under the budgeting 
procedure was given in equation 52 and the procedure under the linear 
programming analysis was given in equation 57. While these two methods are 
not identical they are similar. The payment capacity under the budget 
analysis is considerably larger than under the linear programming analysis. 
This was expected since there was such a large difference in the direct 
irrigation benefits between the two analysis of the project. 
The impact of project design set two upon family living allowance is 
very limited. Table 100. In the Cottonwood Watershed the increase in 
Table 100. Average annual farm operator and family labor use and income ! under pre -project 
conditions and changes due to project development 
Pre-project conditions Changes due to project 
Representative Family Operator Hourly Increase Increase Hourly return 
farm number living and family return in family in family to incremental 
allowance labor used to labor living labor used labor use 
allowance 
(dollar) (hour) (dollar) (dollar) (hour) (dollar) 
1 9,338 3,622 2.58 42 28 1.50 
2 14,918 3,622 4.12 47 28 1.68 
3 15,709 3,622 4.34 54 28 1.93 
4 1,713 2,208 0.78 40 34 1.18 
5 4,387 3,219 1.36 74 61 1.21 
6 6,722 3,603 1.87 65 44 1.48 
7 972 1,876 0.52 46 43 1.07 
8 3,496 2,936 1.19 75 69 1.09 
9 5,821 3,566 1.63 88 75 1.17 
10 211 1,748 0.12 75 66 1.14 
11 2,261 2,722 0.83 122 107 1.14 
12 4,194 3,440 1.22 148 129 1.15 
13 9,045 3,584 2.52 97 65 1.49 
14 14,439 3,584 4.03 108 65 1.66 
15 15,471 3,584 4.32 132 65 2.03 
19 85 1,499 0.06 136 129 1.05 
20 2,033 2,317 0.88 222 210 1.06 
21 4,153 3,153 1.32 275 254 1.08 
16 1,472 1,953 0.75 135 115 1.17 
17 4,167 3,047 1.37 249 216 1.15 
18 6,611 3,542 1.87 155 106 1.46 
22 777 1,630 0.48 125 106 1.18 
23 3,160 2,538 1.24 203 171 1.19 
24 5,794 3,440 1.68 256 205 1.25 
^Source: Tables 93 and 94. 
382 
family living allowance ranged from 40 dollars on the small sheep farm to 
148 dollars on the large beef fam. In the Huntington Watershed family 
income ranged from 97 dollars on the small dairy farm to 275 dollars on 
the large beef farm. These increases in family living allowance are 
quite meager and the irrigation project does not improve the income 
position of the farmers very markedly. The increased employment of family 
and operator labor as a result of supplemental irrigation is very limited 
and ranges from three days on the dairy farms in the Cottonwood Creek 
Watershed to twenty-five days on the large beef farm in the Huntington 
Watershed. The solution to the underemployment and low income of some 
farmers in the Emery County Watershed lies in size of farm operation and 
type of livestock enterprises. Dairy farms of all sizes provide a 
satisfactory family living allowance. However, there are market limita­
tions on the dairy products and a change from nondairy to dairy farms, 
a change which would require larger quantities of water, would necessitate 
a re-analysis of the project water allocation. The resulting shift in 
the project irrigation demand curve would be substantial if a large 
number of nondairy farms became dairy farms. 
Small and most medium sized nondairy farms in both watersheds provide 
low returns to family labor. The family living allowance can be increased 
on these farms by increases in farm size. Increases in farm size can 
result only from consolidation of present farms since the available land 
which could be irrigated is extremely limited. The resource adjustment 
needed to solve the farm income problem in the Emery County Project is 
thus the same as for elsewhere in the agricultural industry. 
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Need for additional research 
The need for further research can be expressed in terms of (a) model 
improvements and (b) data use and requirements of current models. In 
addition, benefit-cost procedures with particular emphasis on cost 
allocation is an area that requires further research. 
The biggest contribution that could be made to the analysis of water 
resource development would be the construction of manageable models which 
explicitly take markets of intermediate and final agricultural products 
into consideration but retain identity of individual farm firms. The 
present model is inadequate because of two reasons. First, while there 
is optimal intra-farm, inter-farm and inter-use allocation of water the 
models do not include the possibility of sales of intermediate products 
such as corn silage and alfalfa and consequently the farm industry is not 
optimally organized. Second, the demand for farm products, such as milk, 
is expressed indirectly as limitations on the number of farms. 
The models, or use of the models, should be designed to analyze 
optimal inter-year water transfer. The current regional water allocation 
model allocates stream water flow and stored water among uses until the 
water is depleted or the value of additional water in all uses is zero. 
Water not used in the year currently being analyzed is transferred to the 
subsequent year. 
A third improvement that could be made in the farm models would be to 
incorporate constraints on the extent to which livestock and crop enter­
prises can fluctuate between years. These types of constraints would 
influence the normative water demand functions for individual farms and 
consequently the entire analysis. While such constraints have been used 
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in other studies of individual farms the inclusion of the constraints 
would be more difficult since the impact of the constraint is reflected 
throughout the entire water allocation procedures. 
In terms of data use in the present models one improvement would be 
to alter the water demand data for nonagricultural use of water. For 
example, recreation demand for water is currently included as a single 
point on a production function. If the benefits from recreation as a 
function of the quantity of water at different times during the year were 
known then this information could be built into the regional water 
allocation model. The regional water allocation model would then attempt 
to equate the marginal value product of water in different uses, 
recreation and irrigation. 
The current models of representative farms can be extended to include 
sprinkler irrigation, tube wells, different water quality and almost any 
other variables which may be relevant in a particular project. If changes 
in technology, prices, farm sizes or other coefficients are projected for 
the future then they may be evaluated by: (a) assuming average values 
over the life of the project or assuming some other value realizing that 
most benefits from the project will accrue in the first few years of the 
project life; or (b) assume that a given coefficient(s) is valid over part 
of the life of the project and then analyze subsequent parts of the life of 
the project with other relevant coefficients. An example of (b) above may 
be to analyze the first twenty years of a one hundred year project assuming 
that operator and family labor has no opportunity cost and then assume an 
opportunity cost for the remaining years. 
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Since increases in farm size appear to be the major means of 
increasing family living allowance, future studies should include 
analysis of return to scale. 
The author neither attempted nor suggests that irrigation projects 
be analyzed using stochastic models or game models. The number of 
alternatives to be considered at the project level and the number of 
variables that must be considered at the farm level make these more 
sophisticated models large and complicated. However, some model building 
or strategy for operating the water allocation model is needed to 
determine optimal inter-year water transfers. 
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APPENDIX A 
Normative demand curves for water are generated by parametric 
price programming using representative farm models. 
The price and quantity of the normative water demand functions are 
represented by Price and QD (Quantity Demanded), respectively. 
The level of the objective function for representative farms is 
reported as OBJ. The number of hours of family labor used is shown as 
OP LABOR. 
The tables also show what the quantity of water would be for the 
representative farms if the total quantity in the project at each price 
of water were distributed on the basis of equal water per irrigated 
acre. This quantity is called OR and is the rule allocation of water. 
The data in these tables is discussed in Chapter 7. The code for 
representative farm numbers is given in Table 37. 
Figures corresponding to these tables can be found in Appendix B. 
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Table 101. Water demand function and rule water allocation for farm 
number 1 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 296.66 9,530 3,650 123.69 -172.97 
11.72 298.38 9,612 3,650 124.90 -173.48 
11.70 298.87 9,618 3,650 124.92 -173.95 
10.98 298.98 9,833 3,650 127.35 -171.63 
10.70 299.13 9,915 3,650 127.48 -171.65 
10.18 299.88 10,074 3,650 128.03 -171.85 
9.61 300.24 10,243 3,650 128.87 -171.37 
8.42 301.85 10,600 3,650 133.46 -168.39 
7.50 302.03 10,880 3,650 144.11 -157.92 
7.19 304.25 10,975 3,650 144.45 -159.80 
6.50 304.37 11,182 3,650 145.55 -158.82 
6.23 304.46 11,266 3,650 146.18 -158.28 
6.02 304.51 11,328 3,650 146.24 -158.27 
5.82 305.26 11,389 3,650 146.33 -158.93 
5.40 306.36 11,517 3,650 157.30 -149.06 
4.70 307.08 11,731 3,650 180.78 -126.30 
4.68 307.32 11,739 3,650 180.81 -126.51 
4.43 308.95 11,815 3,650 181.92 -127.03 
3.91 309.60 11,975 3,650 185.64 -123.96 
3.70 310.43 12,041 3,650 224.94 -85.49 
3.11 310.52 12,226 3,650 230.61 -79.91 
2.39 310.63 12,448 3,650 234.91 -75.72 
2.34 312.97 12,465 3,650 234.99 -77.98 
1.85 313.33 12,616 3,650 248.12 -65.21 
1.82 314.09 12,626 3,650 248.43 -65.66 
0.79 314.19 12,948 3,650 275.85 -38.34 
0.42 314.44 13,067 3,650 277.24 -37.20 
0.05 316.35 13,183 3,650 277.24 -39.11 
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Table 102. Water demand function and rule water allocation for farm 
number 2 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 480.63 13,286 3,650 200.37 -280.26 
11.65 484.22 13,452 3,650 202.48 -281.74 
10.86 484.40 13,838 3,650 206.42 -277.98 
10.68 484.63 13,925 3,650 206.64 -277.99 
10.06 485.84 14,227 3,650 207.82 -278.02 
9.59 486.43 14,456 3,650 208.79 -277.64 
8.40 489.04 15,032 3,650 216.35 -272.69 
7.55 489.09 15,446 3,650 233.45 -255.64 
7.48 489.33 15,484 3,650 233.47 -255.86 
7.16 492.93 15,639 3,650 234.11 -258.82 
6.50 493.12 15,962 3,650 235.79 -257.33 
6.20 493.27 16,107 3,650 236.82 -256.45 
6.00 493.34 16,209 3,650 236.91 -256.43 
5.82 494.56 16,298 3,650 237.05 -257.51 
5.39 496.34 16,514 3,650 254.89 -241.45 
4.69 497.52 16,860 3,650 292.90 -204.62 
4.66 497.89 16,873 3,650 292.92 -204.97 
4.42 500.55 16,996 3,650 294.79 -205.76 
3.90 501.59 17,254 3,650 300.77 -200.82 
3.68 503.04 17,365 3,650 364.44 -138.60 
3.11 503.09 17,653 3,650 373.58 -129.51 
2.39 503.27 18,013 3,650 380.56 -122.71 
2.33 507.06 18,045 3,650 380.79 -126.27 
1.85 507.66 18,288 3,650 401.96 -105.70 
1.82 508.88 18,301 3,650 402.45 -106.43 
0.79 509.02 18,825 3,650 446.89 -62.13 
0-48 509.03 18,981 3,650 448.72 -60.31 
0.42 509.43 19,017 3,650 449.13 -60.30 
0.05 512.53 19,206 3,650 449.13 -63.40 
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Table 103. Water demand function and rule water allocation for farm 
number 3 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 362.14 14,838 3,650 309.22 -52.92 
10.91 362.77 15,232 3,650 318.42 -44.35 
10.90 365.85 15,239 3,650 318.53 -47.32 
9.95 369.33 15,584 3,650 321.32 -48.01 
7.85 369.33 16,361 3,650 348.09 -21.24 
7.56 492.70 16,467 3,650 360.26 -132.44 
7.55 492.77 16,470 3,650 360.26 -132.51 
7.38 500.26 16,555 3,650 360.75 -139.51 
7.03 513.51 16,731 3,650 362.58 -150.93 
6.41 513.64 17,051 3,650 365.34 -148.30 
5.83 514.08 17,347 3,650 365.71 -148.37 
5.53 567.90 17,500 3,650 372.68 -195.22 
5.52 581.00 17,504 3,650 373.17 -207.83 
5.06 582.13 17,773 3,650 446.99 -135.14 
4.94 588.63 17,841 3,650 447.35 -141.28 
4.30 595.44 18,225 3,650 461.25 -134.19 
4.24 595.47 18,258 3,650 461.25 -134.22 
3.97 602.82 18,419 3,650 463.92 -138.90 
3.71 603.04 18,575 3,650 476.68 -126.36 
3.08 651.49 18,951 3,650 578.40 -73.09 
2.21 651.73 19,524 3,650 615.48 -36.25 
2.20 652.98 19,533 3,650 615.53 -37.45 
1.49 653.53 19,996 3,650 668.27 14.74 
0.89 653.78 20,382 3,650 689.62 35.84 
0.41 655.07 20,695 3,650 693.15 38.08 
0.24 659.69 20,809 3,650 694.24 34.55 
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Table 104. Water demand function and rule water allocation for farm 
number 4 
Price QD OBJ 0? .LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 108.63 3,055 1,619 123.69 15.06 
11.96 110.46 3,059 1,623 124.74 14.28 
11.90 110.58 3,066 1,623 124.77 14.19 
11.63 114.89 3,096 1,637 127.22 12.33 
10.73 115.17 3,199 1,638 127.48 12.31 
10.31 115.69 3,247 1,639 127.85 12.16 
10.20 115.82 3,260 1,639 127.95 12.13 
10.18 116.27 3,263 1,640 128.03 11.76 
9.01 122.01 3,398 1,662 129.77 7.76 
8.86 122.05 3,417 1,662 130.83 8.78 
8.44 122.57 3,469 1,663 133.41 10.84 
8.20 124.62 3,498 1,668 135.46 10.84 
8.18 124.74 3,500 1,668 135.47 10.73 
7.97 129.05 3,526 1,681 139.18 10.13 
7.67 135.46 3,566 1,701 142.23 6.77 
6.66 136.08 3,702 1,702 145.28 9.20 
6.26 136.21 3,755 1,702 146.16 9.95 
5.77 136.75 3,823 1,703 146.40 9.65 
5.72 136.75 3,829 2,201 148.12 11.37 
5.51 259.38 3,885 2,201 156.96 -102.42 
4.86 259.41 4,052 2,201 178.98 -80.43 
4.50 261.06 4,145 2,206 181.86 -79.20 
4.39 261.19 4,174 2,206 181.98 -79.21 
4,38 265.49 4.179 2,219 184.14 -81.35 
3.77 265.95 4,341 2,220 190.55 -75.40 
3.31 266.09 4,462 2,220 225.13 -40.96 
3.13 268.18 4,510 2,223 230.27 -37.91 
2.64 269.23 4,640 2.225 234.32 -34.91 
2.63 269.32 4,646 2,225 234.32 -35.00 
2.54 269.37 4,667 2,225 234.82 -34.55 
2.27 269.50 4,741 2,225 236.19 -33.31 
2.26 269.84 4,745 2,226 236.36 -33.48 
2.02 270.02 4,809 2,227 246.83 -23.19 
1.99 271.60 4,815 2,229 247.23 -24.37 
1.87 272.30 4,849 2,230 247.93 -24.37 
1.20 272.32 5,031 2,230 273.48 1.16 
1.13 272.67 5,051 2,230 273.80 1.13 
1.12 273.71 5,055 2,233 274.26 0.55 
1.08 276.33 5,064 2,241 275.67 -0.66 
0.65 276.58 5,183 2,241 276.54 -0.04 
0.60 276.88 5,196 2,242 276.71 -0.17 
0.48 277.72 5,230 2,243 276.99 -0.73 
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Table 105. Water demand function and rule water allocation for farm 
number 5 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 182.72 5,090 2,552 200.37 17.65 
11.88 182.86 5,111 2,552 202.14 19.28 
11.63 185.16 5,158 2,559 206.10 20.94 
10.73 185.58 5,324 2,560 206.51 20.93 
10.31 186.42 5,402 2,562 207.12 20.70 
10.20 186.62 5,423 2,562 207.27 20.65 
10.18 187.38 5,427 2,564 207.41 20.03 
9.01 196.66 5,645 2,599 210.23 13.57 
8.86 196.71 5,675 2,599 211.95 15.24 
8.44 197.56 5,759 2,601 216.12 18.56 
8.20 201.01 5,805 2,610 219.44 18.43 
8.18 201.21 5,809 2,610 219.47 18.26 
7.97 208.18 5,851 2,631 225.48 17.30 
7.67 215.09 5,915 2,653 230.41 15.32 
6.71 215.20 6,120 2,653 235.17 19.97 
6.66 216.07 6,132 2,654 235.35 19.28 
6.26 216.28 6,216 2,655 236.78 20.50 
5.77 217.17 6,323 2,656 237.16 19.99 
5.72 260.52 6,334 2,833 239.96 -20.56 
5.46 260.98 6,402 2,833 254.66 -6.32 
5.32 313.78 6,440 3,027 289.57 -24.21 
4.78 345.65 6,608 3,128 292.45 -53.20 
4.74 345.65 6.770 3,145 292.82 -52.83 
3.84 392.52 6,938 3,236 308.65 -83.87 
3.23 420.18 7,175 3,281 372.82 -47.36 
3.11 420.39 7,225 3,281 373.58 -46.81 
2.76 420.44 7,373 3,281 376.50 -43.94 
2.15 421.15 7,628 3,282 398.91 -22.25 
2.12 423.85 7,640 3,282 399.68 -24.17 
1.93 424.08 7,722 3,282 401.25 -22.83 
1.68 424.08 7,827 3,283 402.45 -21.63 
1.62 428.29 7,854 3,283 414.60 -13.69 
1.51 428.40 7,898 3,283 433.01 4.61 
1.44 428.40 7,937 3,283 433.62 5.22 
1.27 434.66 8,002 3,283 435.25 0.59 
1.15 436.37 8,054 3,284 443.14 6.77 
0.74 438.92 8,232 3,284 447.04 8.11 
0.38 440.05 8,393 3,284 449.23 9.18 
0.36 440.33 8,402 3,284 449.25 8.92 
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Table 106. Water demand function and rule water allocation for farm 
number 6 
Price QD OBJ OPcLABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre fee 
acre feet) 
12.00 282.97 7,622 3,525 309.22 26.25 
10.81 283.77 7,958 3,525 318.60 34.82 
9.61 284.07 8,299 3,525 322.18 38.10 
9.43 285.35 8,350 3,525 322.63 37.28 
9.13 285.49 8,436 3,525 322.64 37.15 
8.51 289.02 8,614 3.553 333.26 44.24 
8.47 290.23 8,625 3,553 333.35 43.12 
8.14 292.32 8,720 3,554 338.89 46.57 
7.90 292.66 8,793 3,554 347.98 55.32 
7.85 294.11 8,804 3,554 348.09 53.98 
7.39 296.42 8,938 3,555 360.46 64.04 
6.74 301.54 9,130 3,556 362.90 61.36 
6.44 303.20 9,224 3,556 364.13 60.93 
6.37 303.57 9,243 3,556 365.37 61.80 
5.46 308.97 9,516 3,556 393.00 84.03 
5.42 309.72 9,532 3,557 393.18 83.46 
5.05 309.87 9,646 3,557 447.00 137.13 
4.99 311.21 9,664 3,557 447.10 135.89 
4.82 321.97 9,718 3,557 448.27 126.29 
4.80 322.29 9,726 3,557 448.29 126.00 
4.74 329.92 9,747 3,559 451.89 121.97 
4.19 331.27 9,926 3,559 462.85 131.57 
4.10 332.14 9,956 3,559 463.59 131.45 
3.08 332.46 10,293 3,559 578.40 245.94 
2.74 387.77 10,409 3,624 585.21 197.44 
2.50 387.84 10,503 3,624 587.10 199.26 
2.29 423.17 10,583 3,650 590.32 167.15 
1.85 423.83 10,769 3,650 620.31 196.48 
1.82 429.09 10,779 3,650 621.06 191.97 
1.56 464.59 10,896 3,650 642.74 178.15 
1.55 572.47 10,899 3,650 652.13 79.66 
1.54 630.60 10,906 3,650 657.26 26.66 
1.52 654.42 10,913 3,650 660.20 5.78 
1.44 659.65 10,968 3,650 669.17 9.52 
1.37 659.87 11,017 3,650 669.23 9.36 
1.30 659.98 11,062 3,650 669.25 9.27 
1.27 670.74 11,078 3,650 671.68 0.94 
1.04 673.38 11,229 3,650 689.61 16.23 
0.66 677.32 11,493 3,650 691.23 13.91 
0.32 677.76 11,720 3,650 693.77 16.01 
0.28 679.49 11,753 3,650 694.07 14.58 
0.17 679.50 11,822 3,650 694.24 14.74 
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Table 107. Water demand function and rule water allocation for farm 
number 7 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 107.88 1,838 1,271 123.69 15.81 
11.96 110.27 1,842 1,277 124.74 14.47 
11.66 110.40 1,875 1,277 124.92 14.52 
11.63 114.71 1,879 1,291 127.22 12.51 
10.55 114.94 2,003 1,291 127.62 12.68 
10.13 115.46 2,051 1,292 128.26 12.80 
10.02 115.57 2,064 1,292 128.32 12.75 
10.01 116.04 2,065 1,293 128.42 12.38 
8.86 116.07 2,198 1,293 130.83 14.76 
8.82 121.81 2,203 1,315 132.44 10.63 
8.28 122.33 2,268 1,316 133.69 11.36 
8.20 124.44 2,278 1,321 135.46 11.02 
8.04 124.57 2,298 1,321 135.68 11.11 
7.97 128.88 2,307 1,334 139.18 10.30 
7.78 135.28 2,332 1,354 140.73 5.45 
6.60 135.31 2,491 1,354 145.39 10.08 
6.54 135.85 2,499 1,355 145.54 9.69 
6.16 135.97 2,551 1,356 146.22 10.24 
5.68 136.52 2,617 1,356 148.21 11.69 
5.42 136.87 2,652 1,357 157.27 20.40 
4.86 136.89 2,728 1,357 178.98 42.09 
4.50 139.20 2,777 1,363 181.86 42.66 
4.38 143.50 2,795 1,376 184.14 40.64 
4.32 143.63 2,803 1,376 184.15 40.52 
3.70 266.28 2,892 1,803 224.94 -41.34 
3.25 266.43 3,010 1,803 225.20 -41.23 
3.07 268.52 3,058 1,806 231.94 -36.58 
2.60 269.57 3,184 1,808 234.63 -34.94 
2.58 269.66 3,192 1,808 234.82 -34.84 
2.51 269.67 3,211 1,808 234.83 -34.84 
2.50 269.71 3,213 1,808 234.84 -34.87 
2.27 269.83 3,275 1,809 236.19 -33.64 
2.26 270.18 3,279 1,810 236.36 -33.82 
1.99 270.38 3,351 1,810 247.23 -23.15 
1.97 270.38 3,358 1,812 247.45 -22.93 
1.20 272.67 3,566 1,813 273.48 0.81 
1.12 273.65 3,590 1,815 274.26 0.61 
1.10 274.02 3,591 1,816 274.36 0.34 
1.08 276.64 3,598 1,824 275.67 -0.97 
0.64 276.88 3,720 1,824 276.61 -0.27 
0.59 277.22 3,733 1,825 276.80 -0.43 
0.47 278.07 3,766 1,826 277.22 -0.85 
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Table 108. Water demand function and rule water allocation for farm 
number 8 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 176.35 3,990 2,061 200.37 24.02 
11.99 176.35 3,990 2,061 200.50 24.25 
11.96 179.08 3,996 2,069 202.07 22.99 
11.84 179.22 4,017 2,069 202.15 22.93 
11.63 186.20 4,056 2,091 206.10 19.90 
10.69 186.93 4,231 2,092 206.63 19.70 
10.27 187.78 4,309 2,094 207.25 19.47 
10.16 187.97 4,330 2,094 207.44 19.46 
10.14 188.73 4,334 2,095 207.55 18.82 
8.98 198.02 4,554 2,130 211.57 13.65 
8.86 198.07 4,576 2,131 211.95 13.88 
8.40 198.92 4,667 2,132 216.35 17.43 
8.20 202.02 4,707 2,140 219.44 17.42 
8.15 202.23 4,717 2,141 219.50 17.27 
7.97 209.21 4,754 2,162 225.48 16.27 
7.69 216.12 4,813 2,183 229.34 13.22 
6.68 216.54 5,029 2,184 235.24 18.70 
6.64 217.42 5,041 2,186 235.49 18.J07 
6.24 217.63 5,125 2,186 236.82 19.19 
5.75 218.51 5,233 2,187 237.30 18.79 
5.50 219.07 5,284 2,188 254.37 35.30 
5.32 423.17 5,329 2,942 289.57 -133.60 
4.86 423.22 5,518 2,942 289.95 -133.27 
4.85 423.22 5,522 2,942 289.95 -133.27 
4.50 425.16 5,670 2,947 294.62 -130.54 
4.38 432.35 5,725 2,968 298.30 -134.05 
3.76 433.58 5,993 2,970 308.89 -124.69 
3.30 433.82 6,191 2,970 364.75 -69.07 
3.12 437.20 6,269 2,976 373.56 -63.64 
2.64 438.91 6,479 2,978 379.59 -59.32 
2.62 439.05 6,490 2,979 379.62 -59.43 
2.53 439,13 6,524 2,979 380.42 -58.71 
2.27 439.28 6,641 2,979 382.63 -56.65 
2.26 439.84 6,648 2,981 382.90 -56.94 
2.02 440.34 6,754 2,982 399.87 -40.47 
1.99 442.90 6,764 2,985 400.52 -42.38 
1.86 444.02 6,819 2,987 401.73 -42.29 
1.20 444.05 7,114 2,987 443.04 -1.01 
1.13 444.63 7,148 2,988 443,56 -1.07 
1.12 445.87 7,153 2,991 444.30 -1.57 
1.08 450.13 7,168 3,003 446.58 -3.55 
0.65 450.52 7,362 3,004 448.00 -2.52 
0.60  ^ 451.34 7,384 3,005 448.27 -3.07 
0.48 452.72 7,438 3,007 448.72 -4.00 
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Table 109. Water demand function and rule water allocation for farm 
number 9 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) • (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 286.13 4,962 2,946 309.22 23.09 
11.62 286.45 5,070 2,946 318.11 31.66 
11.56 287.79 5,088 2,949 318.34 30.55 
10.93 287.95 5,269 2,950 318.39 30.44 
10.33 289.67 5,443 2,954 319.47 29.80 
9.80 291.07 5,594 2,957 321.71 30.64 
9.73 292.35 5,616 2,959 321.93 29.58 
9.72 292.67 5,619 2,960 321.98 29.31 
9.47 294.60 5,692 2,964 322.53 27.93 
8.83 294.67 5,881 2,964 327.10 32.43 
8.72 298.88 5,912 2,974 332.45 33.57 
8.60 302.08 5,947 2,985 332.99 30.91 
8.20 307.62 6,070 3,000 338.64 31.02 
8.11 308.97 6,095 3,002 339.12 30.15 
7.97 318.84 6,140 3,032 347.96 29.12 
7.70 318.94 6,227 3,032 351.84 32.90 
7.32 320.06 6,350 3,035 360.94 40.88 
6.42 327.12 6,638 3,047 365.33 38.21 
5.83 327.67 6,828 3,048 365.71 38.04 
5.34 327.68 6,989 3,048 393.35 65.67 
5.30 327.99 7,002 3,048 446.92 118.93 
4.20 329.05 7,365 3,049 462.75 133.70 
4.00 329.38 7,430 3,049 463.64 134.26 
3.59 330.76 7,567 3,050 562.65 231.89 
3.54 330.84 7,579 3,050 562.66 231.82 
3.52 331.72 7,590 3,050 562.81 231.09 
3.01 334.52 7,754 3,054 580.34 245.81 
2.90 338.44 7,791 3,066 581.01 242.57 
2.58 340.85 7,901 3,071 587.04 246.19 
2.45 341.79 7,947 3,073 587.26 245.47 
2.22 486.02 8,026 3,367 615.47 129.45 
2.12 491.50 8,072 3,368 616.79 125.29 
1.90 491.85 8,184 3,368 619.57 127.72 
1.64 497.24 8,308 3,370 621.98 124.74 
1.63 599.56 8,315 3,520 639.42 39.86 
1.56 600.93 8,355 3,509 642.74 41.81 
1.48 601.12 8,406 3,509 668.27 67.15 
1.39 601.21 8,457 3,509 669.19 67.98 
1.24 671.65 8,553 3,586 683.68 12.03 
1.13 674.28 8,624 3,586 684.50 10.22 
0.72 678.23 8,896 3,586 690.55 12.32 
0.35 679.97 9,148 3,587 693.58 13.60 
0.34 680.47 9,157 3,587 693.66 13.19 
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Table 110. Water demand function and rule water allocation for farm 
number 10 
Price QD OBJ OP .LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 109.48 2,361 1,340 123.69 14.21 
11.96 111.10 2,365 1,344 124.74 13.64 
11.84 111.10 2,378 1,344 124.79 13.69 
11.63 115.53 2,402 1,358 127.22 11.69 
10.69 116.01 2,511 1,359 127.55 11.54 
10.27 116.52 2,559 1,360 127.93 11.41 
10.16 116.65 2,572 1,360 128.05 11.40 
10.14 117.12 2,575 1,361 128.12 11.00 
8.98 122.85 2,711 1,382 130.66 7.81 
8.86 122.88 2,725 1,382 130.83 7.95 
8.40 123.41 2,781 1,383 133.55 10.14 
8.20 125.25 2,806 1,388 135.46 10.21 
8.15 125.38 2,812 1,388 135.49 10.11 
7.97 129.68 2,835 1,402 139.18 9.50 
7.69 136.08 2,872 1,421 141.57 5.49 
6.68 136.37 3,008 1,422 145.21 8.84 
6.64 136.91 3,016 1,423 145.36 8.45 
6.24 137.03 3,068 1,423 146.18 9.15 
5.75 137.57 3,136 1,424 146.48 8.91 
5.50 137.92 3,172 1,424 157.02 19.10 
5.32 261.20 3,197 1,879 178.75 -82.45 
4.86 261.22 3,314 1,879 178.98 -82.24 
4.50 262.42 3,407 1,883 181.86 -80.56 
4.38 266.86 3,441 1,896 184.14 -82.72 
3.76 267.63 3,607 1,897 190.67 -76.96 
3.30 267.77 3,729 1,897 225.16 -42.61 
3.12 269.86 3,777 1,901 230.59 -39.27 
2.64 270.91 3,907 1,902 234.32 -36.59 
2.62 271.00 3,913 1,902 234.33 -36.67 
2.53 271.04 3,934 1,902 234.83 -36.21 
2.27 271.14 4,007 1,903 236.19 -34.95 
2.26 271.48 4,011 1,904 236.36 -35.12 
2.02 271.79 4,076 1,904 246.83 -24.96 
1.99 273.38 4,082 1,906 247.23 -26.15 
1.87 274.07 4,117 1,907 247.93 -26.14 
1.20 274.08 4,299 1,907 273.48 -0.60 
1.13 274.44 4,320 1,908 273.80 -0.64 
1.12 275.21 4,323 1,910 274.26 -0.95 
1.08 277.83 4,332 1,917 275.67 -2.16 
0.65 278.07 4,452 1,918 276.54 -1.54 
0.60 278.58 4,465 1,919 276.71 -1.87 
0.48 279.43 4,499 1,920 276.99 -2.44 
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Table 111. Water demand function and rule water allocation for farm 
number 11 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 173.75 3,147 1,944 200.37 26.62 
11.99 174.51 3,148 1,946 200.60 26.09 
11.96 177.75 3,153 1,954 202.07 24.32 
11.66 177.89 3,207 1,955 202.37 24.48 
11.63 184.87 3,213 1,976 206.10 21.23 
10.55 185.20 3,412 1,977 206.74 21.54 
10.13 186.04 3,491 1,979 207.79 21.75 
10.02 186.24 3,511 1,979 207.88 21.64 
10.01 186.67 3,513 1,980 208.04 21.37 
8.86 187.04 3,727 1,980 211.95 24.91 
8.82 196.33 3,735 2,015 214.55 18.22 
8.28 197.19 3,840 2,017 216.59 19.40 
8.20 200.72 3,856 2,026 219.44 18.71 
8.04 200.93 3,889 2,026 219.81 18.88 
7.97 207.91 3,902 2,048 225.48 17.57 
7.78 214.82 3,942 2,069 227.98 13.16 
6.60 214.83 4,195 2,069 235.54 20.71 
6.54 215.71 4,209 2,071 235.78 20.07 
6.16 215.92 4,291 2,071 236.88 20.96 
5.68 216.03 4,396 2,071 240.10 24.07 
4.86 216.07 4,571 2,071 289.95 73.87 
4.63 216.86 4,620 2,072 293.03 76.17 
4.50 221.17 4,650 2,083 294.62 73.45 
4.38 228.14 4,677 2,104 298.30 70.16 
4.12 231.29 4,737 2,115 300.36 69.07 
3.91 231.91 4,782 2,117 300.74 68.83 
3.70 431.40 4,832 2,811 364.40 -67.00 
3.25 431.64 5,024 2,811 364.82 -66.82 
3.07 435.02 5,102 2,817 375.75 -59.27 
2.60 436.72 5,306 2,819 380.10 -56.63 
2.58 436.87 5,318 2,819 380.40 -56.47 
2.51 436.88 5,350 2,819 380.42 -56.46 
2.50 436.95 5,352 2,819 380.44 -56.51 
2.27 437.15 5,453 2,820 382.63 -54.52 
2.26 437.71 5,459 2,822 382.90 -54.81 
1.99 438.04 5,576 2,822 400.52 -37.52 
1.97 440.60 5,587 2,825 400.87 -39.73 
1.84 441.72 5,644 2,827 402.12 -39.60 
1.20 441.75 5,923 2,827 443.04 1.29 
1.12 443.33 5,962 2,831 444.30 0.97 
1.10 443.92 5,964 2,832 444.46 0.54 
1.08 448.18 5,977 2,845 446.58 -1.60 
0.64 448.57 6,174 2,845 448.11 -0.46 
0.59 449.12 6,195 2,846 448.42 -0.70 
0.47 450.49 6,249 2,848 449.11 -1.38 
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Table 112. Water demand function and rule water allocation for farm 
number 12 
Price QD OBJ OP.LABOR OR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 288.13 6,266 3,127 309.22 21.09 
11.80 288,44 6,325 3,127 311.99 23.55 
11.74 289.79 6,343 3,130 312.12 22.33 
11.11 289.95 6,521 3,131 318.34 28.39 
10.49 291.29 6,705 3,134 319.17 27.88 
9.95 292.69 6,860 3,137 321.32 28.63 
9.86 294.28 6,885 3,140 321.47 27.19 
9.61 295.80 6,959 3,143 322.18 26.38 
8.86 299.12 7,184 3,151 327.08 27.96 
8.84 299.19 7,186 3,151 327.09 27.90 
8.76 304.77 7,213 3,171 331.73 26.96 
8.23 306.09 7,372 3,173 334.36 28.27 
8.20 310.98 7,383 3,186 338.64 27.66 
7.99 311.30 7,446 3,187 339.24 27.94 
7.97 322.07 7,454 3,220 347.96 25.89 
7.08 329.68 7,740 3,239 362.01 32.33 
6.60 330.32 7,898 3,240 363.48 33.16 
6.49 331.67 7,936 3,242 364.00 32.33 
6.12 331.98 8,059 3,242 365.59 33.61 
5.63 333.11 8,223 3,244 370.63 37.52 
5.23 333.35 8,355 3,244 446.94 113.59 
4.91 334.11 8,460 3,245 447.42 113.31 
4.43 334.21 8,620 3,245 454.79 120.58 
4.21 348.03 8,696 3,281 462.57 114.54 
3.85 435.34 8,821 3,480 472.47 37.13 
3.23 537.50 9,090 3,650 575.34 37.84 
3.10 537.79 9,159 3,650 576.54 38.75 
2.68 537.85 9,387 3,650 585.21 47.36 
2.08 539.11 9,711 3,650 616.93 77.82 
1.90 542.26 9,807 3,650 619.57 77.31 
1.85 542.59 9,833 3,650 620.31 77.72 
1.55 555.18 9,993 3,650 652.13 96.95 
1.54 562.72 10,001 3,650 657.26 94.54 
1.52 574.62 10,010 3,650 660.20 85.58 
1.51 658.71 10,017 3,650 668.22 9.51 
1.44 663.93 10,062 3,650 669.17 5.24 
1.37 664.15 10,111 3,650 669.23 5.08 
1.30 664.27 10,157 3,650 669.25 4.98 
1.27 675.02 10,174 3,650 671.68 -3.34 
1.06 677.66 10,324 3,650 689.41 11.75 
0.66 681.61 10,590 3,650 691.23 9.62 
0.32 682.38 10,818 3,650 693.77 11.39 
0.28 684.11 10,851 3,650 694.07 9.96 
0.17 684.12 10,922 3,650 694.24 10.12 
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Table 113. Water demand function and rule water allocation for farm 
number 13 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 254.13 9,867 3,650 117.36 -136.77 
11.75 255.50 9,930 3,650 118.85 -136.65 
10.98 255.94 10,127 3,650 120.75 -135.19 
10.68 256.29 10,204 3,650 121.02 -135.27 
10.18 256.73 10,333 3,650 121.26 -135.47 
8.38 257.56 10,795 3,650 124.36 -133.20 
7.55 257.63 11,007 3,650 131.72 -125.91 
7.45 258.01 11,035 3,650 131.73 -126.28 
7 .13 259.23 11,117 3,650 132.13 -127.10 
6.50 259.68 11,279 3,650 136.33 -123.35 
6.17 259.91 11,365 3,650 138.13 -121.78 
5.96 260.02 11,418 3,650 145.20 -114.82 
5.82 260.47 11,456 3,650 145.54 -114.93 
5.35 261.07 11,579 3,650 161.19 -99.88 
5.34 262.79 11,583 3,650 161.25 -101.54 
4.64 263.19 11,763 3,650 166.27 -96.92 
4.38 265.52 11,834 3,650 170.10 -95.42 
3.86 265.85 11,971 3,650 196.58 -69.27 
3.76 266.39 11,999 3,650 197.86 -68.53 
3.11 266.46 12,173 3,650 200.81 -65.65 
2.39 268.32 12,364 3,650 216.71 -51.61 
1.82 268.97 12,517 3,650 223.55 -45.42 
0.40 269.59 12,899 3,650 229.35 -40.24 
0.04 270.61 12,998 3,650 229.54 -41.07 
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Table 114. Water demand function and rule water allocation for farm 
number 14 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 411.69 13,833 3,650 190.12 -221.57 
11.70 413.90 13,956 3,650 192.60 -221.30 
10.94 414.63 14,268 3,650 195.64 -218.99 
10.64 415.19 14,395 3,650 196.07 -219.12 
10.14 415.91 14,603 3,650 196.48 -219.43 
8.34 417.25 15,349 3,650 201.62 -215.63 
7.55 417.36 15,680 3,650 213.38 -203.98 
7.42 417.97 15,736 3,650 213.75 -204.22 
7.10 419.95 15,869 3,650 214.11 -205.84 
6.50 420.68 16,120 3,650 220.86 -199.82 
6.14 421.05 16,268 3,650 223.99 -197.06 
5.94 421.24 16,354 3,650 235.23 -186.01 
5.82 421.96 16,406 3,650 235.77 -186.19 
5.33 422.94 16,614 3,650 261.60 -161.34 
5.32 425.72 16,620 3,650 261.69 -154.03 
4.63 426.37 16,913 3,650 270.11 -156.26 
4.36 430.15 17,026 3,650 275.68 -154.47 
3.85 430.68 17,247 3,650 318.47 -112.21 
3.74 431.56 17,294 3,650 320.57 -110.99 
3.11 431.67 17,568 3,650 325.31 -106.36 
2.39 432.40 17,876 3,650 351.06 -81.34 
2.38 434.68 17,882 3,650 351.13 -83.55 
1.82 435.40 18,124 3,650 362.15 -73.25 
1.81 435.73 18,127 3,650 362.17 -73.56 
0.48 435.74 18,706 3,650 371.09 -64.65 
0.40 436.74 18,745 3,650 371.55 -65.19 
0.02 437.51 18,905 3,650 372.50 -65.01 
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Table 115. Water demand function and rule water allocation for farm 
number 15 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 323.69 15,775 3,650 293.39 -30.30 
11.89 324.83 15,811 3,650 296.94 -27.89 
10.42 329.23 16,287 3,650 303.07 -26.16 
10.13 340.22 16,383 3,650 303.62 -36.60 
9.60 347.52 16,563 3,650 304.38 -43.14 
8.33 351.88 16,935 3,650 310.74 -41.14 
8.38 353.71 16,991 3,650 310.89 -42.82 
7.97 354.58 17,134 3,650 324.20 -30.38 
7.80 370.42 17,195 3,650 327.34 -43.08 
7.54 414.60 17,292 3,650 329.29 -85.31 
7.43 428.02 17,339 3,650 329.83 -98.19 
7.27 428.19 17,405 3,650 329.93 -98.26 
6.59 428.20 17,696 3,650 338.06 -90.14 
6.40 428.56 17,781 3,650 342.63 -85.93 
6.36 430.64 17,797 3,650 345.30 -85.34 
6.14 430.78 17,889 3,650 345.67 -85.11 
5.70 432.13 18.079 3,650 379.03 -53.10 
5.09 433.42 18,342 3,650 406.68 -26.74 
4.96 438.68 18,402 3,650 409.97 -28.71 
4.31 515.17 18,685 3,650 428.34 -86.83 
4.06 544.80 18,814 3,650 489.47 -55.33 
3.67 545.90 19,023 3,650 498.73 -47.17 
3.28 545.90 19,242 3,650 501.25 -44.65 
2.76 549.35 19,522 3,650 509.17 -40.18 
2.30 549.41 19,771 3,650 542.05 -7.36 
2.28 550.17 19,788 3,650 542.08 -8.09 
2,05 552.15 19,910 3,650 546.11 -6.04 
1.82 556.82 20,034 3,650 558.88 2.06 
1.27 563.59 20,343 3,650 564.23 0.64 
0.64 564.42 20,702 3,650 571.94 7.52 
0.36 564.96 20,861 3,650 573.39 8.43 
0.31 565.23 20,883 3,650 573.52 8.29 
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Table 116. Water demand function and rule water allocation for farm 
number 16 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 107.87 3,185 1,583 117.36 9.49 
11.96 107.41 3,189 1,592 118.76 11.35 
11.63 109.81 3,225 1,599 120.23 10.42 
10.87 111,07 3,309 1,605 120.92 9.85 
9.86 111.39 3,420 1,606 121.50 10.11 
9.35 114.31 3,478 1,619 122.24 7.93 
8.86 114.90 3,534 1,621 124.04 9.14 
8.34 115.49 3,593 1,622 124.46 8.97 
8.33 116.25 3,595 1,623 124.66 8.41 
8.24 116.57 3,605 1,624 124.89 8.32 
8.20 119.86 3,610 1,632 127.14 7.28 
7.97 122.26 3,638 1,640 129.68 7.42 
6.97 125.55 3,760 1,652 132.75 7.20 
6.85 126.32 3,775 1,653 133.35 7.03 
6.66 126.43 3,799 1,654 134.99 8.56 
6.65 126.75 3,800 1,654 135.04 8.29 
6.36 133.40 3,837 1,673 138.12 4.72 
6.07 208.92 3,876 1,982 144.72 -64.20 
5.41 209.70 4,013 1,983 154.55 -55.15 
5.10 210.02 4,078 1,984 162.60 -47.42 
4.86 210.61 4,128 1,985 164.63 -45.98 
4.70 211.41 4,161 1,986 165.81 -45.60 
4.63 215.09 4,178 2.028 166.74 -48.35 
4.57 215.71 4,191 2,030 166.83 -48.88 
4.50 219.00 4,205 2,038 168.66 -50.34 
4.43 219.27 4,222 2,039 168.67 -50.60 
4.38 221.67 4,233 2,046 170.10 -51.57 
3.60 222.01 4,391 2,047 199.98 -22.03 
2.83 222.26 4,575 2,047 203.51 -18.75 
2.66 223.48 4,614 2,050 204.06 -19.42 
2.51 223.49 4,648 2,050 216.34 -7.15 
2.30 224.10 4,692 2,051 216.82 -7.28 
2.27 224.37 4,701 2,051 216.96 -7.41 
2.26 224.56 4,704 2,052 217.22 -7.34 
2.24 224.78 4,706 2,052 217.23 -7.55 
2.18 224.90 4,721 2,053 217.44 -7.46 
1.90 225.01 4,787 2,053 220.18 -4.83 
1.73 227.34 4,823 2,056 223.71 -3.63 
1.56 227.74 4,860 2,057 224.78 -2.96 
1.44 228.02 4,887 2,058 224.91 -3.11 
407b 
Table 116. (Continued) 
Price QD OBJ OP. LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feit) 
acre feet) 
1.20 228.11 4,943 2,058 225.82 -2.29 
1.12 230.12 4,963 2,063 227.14 -2.98 
1.08 231.57 4,970 2,067 227.89 -3.68 
1.00 231.78 4,991 2,068 228.01 -3.77 
0.58 232.18 5,086 2,068 228.84 -3.34 
0.43 232.65 5,121 2,069 229.11 -3.54 
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Table 117. Water demand function and rule water allocation for farm 
number 17 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 174.64 5,276 2,509 190.12 15.48 
11.63 177.16 5,341 2,517 194.77 17.61 
11.58 177.16 5,349 2,526 194.77 17.61 
10.87 179.17 5,477 2,527 195.90 16.73 
9.86 179.67 5,657 2,528 196.83 17.16 
9.35 184.40 5,750 2,549 198.03 13.63 
8.86 185.46 5,840 2,552 200.94 15.48 
8.34 186.38 5,936 2,553 201.62 15.24 
8.33 187.63 5,939 2,556 201.95 14.32 
8.24 188.13 5,955 2,557 202.33 14.20 
8.20 193.47 5,963 2,571 205.97 12.50 
7.97 197.34 6,007 2,583 210.08 12.74 
6.97 202.68 6,204 2,603 215.05 12.37 
6.85 203.95 6,228 2,605 216.03 12.09 
6.66 204.06 6,267 2,605 218.68 14.62 
6.65 204.57 6,269 2,606 218.77 14.20 
6.36 211.73 6,329 2,606 223.75 12.02 
6.07 257.05 6,390 2,812 234.45 -22.60 
5.65 314.52 6,497 3,024 249.14 -65.38 
5.10 338.42 6,671 3,099 263.42 -75.00 
4.94 344.90 6,723 3,168 266.06 -78.84 
4.91 346.30 6,736 3,171 266.14 -80.16 
4.67 346.87 6,818 3,172 268.65 -78.22 
4.38 347.07 6,920 3,173 275.57 -71.50 
4.28 348.47 6,951 3,175 277.65 -70.82 
4.09 349.47 7,020 3,177 314.71 -34.76 
3.97 353.97 7,063 3,186 318.44 -35.53 
3.84 354.22 7,110 3,187 318.88 -35.34 
3.07 355.24 7,379 3,188 326.64 -28.60 
2.82 355.82 7,470 3,189 329.72 -26.10 
2.72 358.66 7,504 3,193 330.11 -28.55 
1.62 359.68 7,901 3,193 363.72 4.04 
1.57 360.08 7,919 3,193 364.10 4.02 
1.31 362.07 8,015 3,195 365.03 2.96 
1.20 362.43 8,052 3,195 365.83 3.40 
1.15 362.62 8,070 3,195 365.84 3.22 
1.07 363.61 8,098 3,196 369.30 5.69 
0.74 363.78 8,219 3,196 370.29 6.51 
0.68 367.56 8,240 3,198 370.52 2.96 
0.43 367.57 8,331 3,198 371.15 3.58 
0.34 368.04 8,369 3,198 371.59 3.55 
0.32 368.69 8,372 3,199 371.63 2.94 
0.02 378.77 8,481 3,270 372.50 -6.27 
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Table 118. Water demand function and rule water allocation for farm 
number 18 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 276.85 7,926 3,516 293.39 16.54 
10.74 278.41 8,274 3,529 302.46 24.05 
10.20 279.16 8,426 3,529 303.13 23.97 
9.48 279.92 8,627 3,528 304.44 24.52 
8.56 280.03 8,884 3,528 310.57 30.54 
8.26 281.23 8,969 3,528 312.13 30.90 
7.38 282.00 9,216 3,528 329.92 47.92 
7.21 283.88 9,262 3,527 330.07 46.19 
6.76 285.27 9,392 3,527 336.43 51.16 
6.44 287.01 9,480 3,527 342.48 55.47 
6.16 291.06 9,563 3,548 345.64 54.58 
6.02 291.84 9,603 3,548 361.86 70.02 
5.96 293.75 9,621 3,547 363.01 69.26 
5.53 295.14 9,746 3,547 384.58 89.44 
5.48 303.38 9,762 3,547 386.24 82.86 
4.99 306.17 9,909 3,547 409.77 103.59 
4.82 312.17 9,961 3,547 412.35 100.18 
4.76 312.29 9,982 3,547 412.36 100.07 
4.74 314.23 9,986 3,547 414.04 99.81 
4.70 315.02 9,997 3,546 414.54 99.52 
4.36 315.02 10,110 3,546 425.44 110.42 
3.84 322.93 10,271 3,549 492.10 169.17 
3.66 335.61 10,329 3,572 499.83 164.22 
3.59 338.26 10,354 3,573 500.16 161.90 
3.49 339.36 10,386 3,573 500.46 161.10 
3.16 340.22 10,501 3,573 501.67 161.45 
3.12 342.72 10,511 3,574 502.01 159.28 
3.07 368.46 10,527 3,605 504.07 135.61 
2.63 429.47 10,693 3,650 514.78 85.31 
2.50 431.32 10,748 3,650 541.58 110.26 
2.21 431.32 10,874 3,650 543.49 112.17 
1.88 460.91 11,015 3,650 552.69 91.78 
1.87 530.57 11,019 3,650 557.98 27.41 
1.82 538.81 11,042 3,650 558.88 20.07 
1.30 539.33 11,330 3,650 563.35 24.02 
1.27 547.42 11,344 3,650 564.23 16.81 
0.91 547.97 11,536 3,650 570.28 22.31 
0.90 550.89 11,543 3,650 570.50 19.61 
0.86 551.17 11,566 3,650 570.91 19.74 
0.65 552.65 11,682 3,650 571.91 19.26 
0.62 553.98 11,699 3,650 572.04 18.06 
0.56 554.67 11,727 3,650 572.35 17.68 
0.17 554.79 11,948 3,650 573.52 18.73 
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Table 119. Water demand function and rule water allocation for farm 
number 19 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 103.93 1,973 1,239 117.36 13.43 
11.96 107.22 1,977 1,248 118.76 11.54 
11.63 109.62 2,013 1,256 120.23 10.61 
11.35 110.79 2,044 1,261 120.74 9.95 
10.68 110.89 2,118 1,262 121.02 10.13 
9.71 111.20 2,225 1,262 121.64 10.44 
9.16 114.12 2,287 1,275 123.70 9.58 
8.86 114.77 2,321 1,277 124.04 9.27 
8.22 115.31 2,394 1,278 125.09 9.78 
8.20 119.37 2,397 1,288 127.14 7.77 
8.11 119.67 2,407 1,289 127.23 7.56 
7.97 122.07 2,424 1,296 129.68 7.61 
6.83 125.35 2,563 1,308 134.39 9.04 
6.74 126.14 2,574 1,309 134.79 8.65 
6.55 126.57 2,599 1,310 135.34 8.77 
6.50 133.22 2,605 1,329 136.33 3.11 
5.33 134.00 2,761 1,330 161.48 27.48 
5.03 134.32 2,801 1,331 163.82 29.50 
4.86 135.22 2,823 1,333 164.63 29.41 
4.63 136.02 2,854 1,334 166.74 30.72 
4.50 139.61 2,873 1,343 168.66 29.05 
4.38 142.01 2,890 1,351 170.10 28.09 
4.12 217.69 2,927 1,616 194.23 -23.46 
3.55 218.02 3,050 1,616 200.15 -17.87 
2.71 218.23 3.232 1,616 203.84 -14.39 
2.53 219.41 3,272 1,618 216.33 -3.08 
2.51 219.46 3,277 1,618 216.34 -3.12 
2.50 220.29 3,281 1,619 216.63 -3.66 
2.27 220.56 3,329 1,620 216.96 -3.60 
2.26 220.75 3,333 1,621 217.22 -3.53 
2.21 221.34 3,344 1,622 217.40 -3.94 
2.12 221.56 3,362 1,622 218.12 -3.44 
2.06 221.67 3,375 1,622 218.41 -3.26 
1.97 222.21 3,397 1,623 220.10 -2.11 
1.91 222.48 3,410 1,623 220.17 -2.31 
1.43 222.87 3,516 1,624 225.16 2.29 
1.20 223.23 3,567 1,624 225.82 2.59 
1.12 225.24 3,586 1,629 227.14 1.90 
1.08 226.71 3,594 1,634 227.89 1.18 
0.92 226.91 3,631 1,634 228.09 1.18 
0.54 227.27 3,717 1,634 229.05 1.78 
0.40 227.73 3,750 1,635 229.35 1.62 
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Table 120. Water demand function and rule water allocation for farm 
number 20 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 167.65 3,358 1,893 190.12 22.47 
11.96 172.98 3,364 1,907 192.39 19.41 
11.63 176.86 3,422 1,919 194.77 17.91 
11.35 178.76 3,471 1,928 195.60 16.84 
10.68 178.87 3,591 1,929 196.05 17.18 
9.71 179.37 3,764 1,929 197.06 17.69 
9.16 184.10 3,864 1,951 200.39 16.29 
8.87 185.23 3,918 1,954 200.55 15.32 
8.22 186.09 4,036 1,955 202.65 16.56 
8.20 192.67 4,041 1,972 205.97 13.30 
8.11 193.17 4,057 1,973 206.11 12.93 
7.97 197.05 4,084 1,985 210.08 13.03 
6.83 202.39 4,309 2,004 217.71 15.32 
6.74 203.65 4,326 2,006 218.36 14.71 
6.55 204.27 4,367 2,008 219.25 14.98 
6.49 211.44 4,377 2,028 221.84 10.40 
5.33 212.72 4,624 2,030 261.60 48.88 
5.03 213.23 4,689 2,031 265.39 52.16 
4.86 214.71 4,723 2,034 266.69 51.98 
4.63 216.00 4,772 2,034 270.11 54.11 
4.50 221.82 4,802 2,051 273.22 51.40 
4.38 225.69 4,829 2,063 275.57 49.88 
4.12 352.66 4,888 2,507 314.65 -38.01 
3.55 353.18 5,088 2,508 324.25 -28.93 
2.71 353.54 5,381 2,509 330.21 -23.33 
2.53 355.43 5,447 2,512 350.45 -4.98 
2.51 355.51 5,455 2,512 350.48 -5.03 
2.50 356.88 5,461 2,513 350.95 -5.93 
2.27 357.30 5,540 2,515 351.43 -5.82 
2.26 357.61 5,545 2,515 351.89 -5.72 
2.21 358.57 5,564 2,517 352.18 -6.39 
2.12 358.92 5,592 2,517 353.36 -5.56 
2.06 359.10 5,615 2,518 353.83 -5.27 
1.97 359.97 5,650 2,519 356.55 -3.42 
1.91 360.41 5,671 2,519 356.68 -3.73 
1.43 361.04 5,842 2,520 364.76 3.72 
1.20 361.64 5,924 2,521 365.83 4.19 
1.12 364.89 5,956 2,530 367.97 3.08 
1.08 367.26 5,968 2,537 369.18 1.92 
0.92 367.58 6,028 2,537 369.51 1.93 
0.54 368.17 6,168 2,538 371.05 2.88 
0.40 368.92 6,221 2,539 371.55 2.63 
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Table 121. Water demand function and rule water allocation for farm 
number 21 
Price QD OBJ OP,LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 279.20 5,275 2,883 293.39 14.19 
11.65 279.99 5,373 2,884 297.36 17.37 
10.43 281.23 5,716 2,887 302.90 21.67 
9.98 281.36 5,841 2,888 303.64 22.28 
9.76 281.48 5,905 2,888 303.89 22.41 
9.32 282.29 6,026 2,890 306.88 24.59 
9.28 284.27 6,041 2,894 307.22 22.95 
8.66 286.21 6,213 2,899 310.57 24.36 
8.30 286.74 6,315 2,900 312.04 25.30 
8.03 295.67 6,395 2,925 320.62 24.95 
7.96 297.04 6,417 2,928 324.51 27.47 
7.91 299.07 6,431 2,932 324.85 25.77 
7.85 299.92 6,450 2,934 325.00 25.08 
7.80 306.46 6,463 2,955 327.34 20.88 
7.63 307.59 6,515 2,957 327.61 20.02 
7.04 310.05 6,695 2,963 330.84 20.79 
6.66 311.71 6,815 2,969 337.47 25.76 
6.61 313.65 6,831 2,972 338.06 24.41 
6.42 314.44 6,890 2,973 342.62 28.18 
6.28 314.57 6,936 2,973 345.32 30.74 
5.96 320.39 7,033 2,987 363.01 42.62 
5.26 322.47 7,259 2,990 404.19 81.72 
4.84 324.43 7,397 2,993 411.90 87.47 
4.67 324.43 7,449 2,993 414.59 90.16 
4.57 325.24 7,480 2,994 417.07 91.83 
4.38 327.54 7,544 2,998 425.26 97.72 
4.16 329.53 7,613 3,000 431.93 102.40 
3.97 338.49 7,679 3,018 491.42 152.93 
3.77 338.98 7,749 3,019 494.62 155.64 
3.12 339.87 7,967 3,022 502.01 162.14 
2.95 351.05 8,023 3,048 506.78 155.73 
2.90 362.54 8,039 3,086 508.74 146.20 
2.58 507.80 8,157 3,379 540.00 32.20 
2.26 508.77 8,323 3,380 543.04 34.27 
2.12 517.01 8,389 3,382 545.31 28.30 
2.02 539.05 8,443 3,415 549.86 10.81 
1.62 545.03 8,659 3,417 561.29 16.26 
1.43 547.14 8,764 3,417 562.91 15.77 
1.37 547.68 8,797 3,417 563.13 15.45 
1.12 550.61 8,934 3,418 567.85 17.24 
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Table 121. (Continued) 
Price QD OBJ OP .LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
1.07 551.15 8,963 3,418 569.91 18.76 
1.01 551.43 8,993 3,418 569.98 18.55 
0.88 552.90 9,067 3,418 570.89 17.99 
0.80 554.23 9,108 3,418 571.25 17.02 
0.76 554.92 9,135 3,419 571.43 16.51 
0.43 555.0^  9,312 3,419 572.76 17.72 
0.10 556.02 9,497 3,419 573.78 17.76 
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Table 122. Water demand function and rule water allocation for farm 
number 22 
Price QD OBJ OP,LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
12.00 104.69 2,508 1,306 117.36 12.67 
11.96 107.98 2,512 1,315 118.76 10.78 
11.63 110.38 2,548 1,322 120.23 9.85 
11.54 111.55 2,557 1,328 120.41 8.86 
10.84 111.65 2,636 1,328 120.94 9.29 
9.84 111.97 2,747 1,329 121.55 9.58 
9.32 114.88 2,805 1,342 122.75 7.87 
8.86 115.33 2,858 1,343 124.04 8.71 
8.33 116.06 2,920 1,344 124.66 8.60 
8.30 116.82 2,922 1,346 124.82 8.00 
8.22 117.13 2,932 1,346 125.09 7.96 
8.20 120.42 2,935 1,355 127.14 6.72 
7.97 122.82 2,962 1,362 129.68 6.86 
6.95 126.12 3,088 1,374 133.26 7.14 
6.84 126.89 3,102 1,376 133.48 6.59 
6.65 127.00 3,126 1,376 135.04 8.04 
6.64 127.32 3,127 1,377 135.09 7.77 
6.38 127.32 3,160 1,395 137.39 10.07 
5.80 210.66 3,238 1,678 151.59 -59.07 
5.40 210.72 3,321 1,679 161.17 -49.55 
5.09 211.04 3,386 1,680 162.67 -48.37 
4.86 211.38 3,435 1,681 164.63 -46.75 
4.70 212.17 3,469 1,682 165.81 -46.36 
4.55 212.86 3,500 1,683 166.94 -45.92 
4.50 216.15 3,510 1,691 168.66 -47.49 
4.38 218.55 3,538 1,699 170.10 -48.45 
3.60 218.88 3,709 1,699 199.98 -18.90 
2.95 220.95 3,851 1,716 202.71 -18.24 
2.76 221.27 3,893 1,716 203.67 -17.60 
2.58 222.49 3,932 1,719 216.00 -6.49 
2.51 222.50 3,948 1,719 216.34 -6.16 
2.27 222.76 4,001 1,719 216.96 -5.80 
2.26 223.56 4,005 1,721 217.22 -6.34 
2.18 223.78 4,021 1,721 217.44 -6.34 
2.12 223.90 4,035 1,721 218.12 -5.78 
1.82 223.96 4,102 1,722 223.55 -0.41 
1.68 226.28 4,134 1,725 224.07 -2.21 
1.50 226.68 4,173 1,726 224.84 -1.84 
1.39 226.83 4,198 1,726 225.21 -1.62 
1.20 226.89 4,241 1,726 225.82 -1.07 
1.12 228.90 4,261 1,731 227.14 -1.76 
1.08 230.36 4,269 1,736 227.89 -2.47 
0.96 230.57 4,296 1,736 228.04 -2.53 
0.56 231.07 4,388 1,737 228.94 -2.13 
0.42 231.55 4,422 1,737 229.18 -2.37 
414 a 
Table 123. Water demand function and rule water allocation for farm 
number 23 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet 
acre feet) 
12.00 168.88 4,219 2,006 190.12 21.24 
11.96 174.22 4,225 2,021 192.39 18.17 
11.63 178.10 4,284 2,033 194.77 16.67 
11.54 180.00 4,298 2,042 195.07 15.07 
10.84 180.11 4,425 2,042 195.92 15.81 
9.84 180.61 4,605 2,043 196.90 16.29 
9.32 185.33 4,699 2,065 198.86 13.53 
8.86 186.16 4,785 2,067 200.94 14.78 
8.33 187.31 4,884 2,068 201.95 14.64 
8.30 188.55 4,887 2,071 202.20 13.65 
8.22 189.06 4,903 2,072 202.65 13.59 
8.20 194.39 4,908 2,086 205.97 11.58 
7.97 198.27 4,952 2,098 210.08 11.81 
6.95 203.60 5,155 2,117 215.88 12.28 
6.84 204.87 5,178 2,120 216.23 11.36 
6.65 204.98 5.217 2,120 218.77 13.79 
6.64 205.50 5,219 2,121 218.85 13.35 
6.38 212.66 5,271 2,141 222.58 9.92 
5.80 340.10 5,396 2,615 245.58 -94.52 
5.63 340.10 5,454 2,615 249.14 -90.96 
5.40 341.37 5,529 2,617 261.10 -80.27 
5.09 341.89 5,635 2,618 263.53 -78.36 
4.86 342.42 5,/14 2,619 266.69 -75.73 
4.70 343.72 5,770 2,621 268.62 -75.10 
4.55 344.84 5,820 2,623 270.44 -74.40 
4.50 350.17 5,837 2,637 273.22 -76.95 
4.38 354.05 5,882 2,649 275.57 -78.48 
3.60 354.58 6,158 2,649 323.97 -30.61 
2.95 357.93 6,388 2,676 328.39 -29.54 
2.76 358.45 6,456 2,677 329.94 -28.51 
2.58 360.42 6,519 2,681 349.92 -10.50 
2.51 360.43 6,546 2,681 350.48 -9.95 
2.27 360.87 6,631 2,682 351.48 -9.39 
2.26 362.16 6,638 2,685 ••31.89 -10.27 
2.18 362.52 6,664 2,685 352.25 -10.27 
2.12 362.72 6,686 2,686 353.36 -9.36 
1.81 362.80 6,795 2,686 362.17 -0.63 
1.68 366.57 6,846 2,691 362.99 -3.58 
1.50 367.22 6,910 2,692 364.24 -2.98 
1.39 367.46 6,950 2,693 6^4.85 -2.61 
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Table 123. (Continued) 
Price QD OBJ OP .LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
1.20 367.56 7,021 2,693 365.83 -1.73 
1.12 370.82 7,053 2,701 367.97 -2.85 
1.08 373.18 7,065 2,708 369.18 -4.00 
0.96 373.51 7,110 2,709 369.42 -4.09 
0.56 374.33 7,258 2,710 370.88 -3.45 
0.42 375.10 7,314 2,711 371.27 -3.83 
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Table 124. Water demand function and rule water allocation for fârm 
number 24 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet 
acre feet) 
12.00 280.64 6,610 3,060 293.39 12.75 
11.82 281.43 6,661 3,062 297.02 15.59 
10.57 282.67 7,011 3,065 302.69 20.02 
10.14 382.80 7,133 3,065 303.21 20.41 
9.90 282.82 7,203 3,065 303.65 20.82 
9.46 283.63 7,326 3,067 304.51 20.88 
9.41 285.61 7,341 3,072 304.70 19.09 
9.19 285.61 7,404 3,072 307.22 21.61 
8.68 287.03 7,551 3,075 310.24 23.21 
8.42 287.23 7,621 3,076 310.76 23.53 
8.04 298.03 7,732 3,104 319.10 21.07 
7.97 300.07 7,738 3,108 324.20 24.13 
7.91 300.91 7,757 3,110 324.85 23.94 
7.80 307.46 7,801 3,131 327.34 19.88 
7.63 308.25 7,822 3,133 327.61 19.36 
7.15 309.97 8,005 3,137 330.23 20.26 
6.78 313.59 8,120 3,149 336.32 22.73 
6.70 315.53 8,145 3,153 337.16 21.63 
6.50 316.32 8,205 3,154 340.83 24.50 
6.37 316.45 8,249 3,154 343.50 27.05 
5.84 324.36 8,415 3,173 363.77 39.41 
5.48 335.25 8,534 3,210 386.24 50.99 
5.04 363.07 8,679 3,293 409.33 46.26 
4.75 379.16 8,787 3,409 413.90 34.74 
4.64 390.20 8.826 3,435 415.67 25.47 
4.25 422.95 8,980 3,499 431.59 8.64 
4.06 451.06 9,062 3,495 489.47 38.41 
3.79 474.04 9,181 3,546 494.28 20.24 
3.77 476.68 9,192 3,547 494.62 17.94 
3.70 518.56 9,229 3,518 498.69 -19.87 
3.66 519.37 9,247 3,618 499.83 -19.54 
3.41 527.61 9,376 3,620 501,25 -26.36 
3.18 529.58 9,494 3,620 501.44 -28.14 
3.17 531.30 9,501 3,620 501.60 -29.70 
2.76 532.16 9,721 3,620 509.17 -22.99 
2.54 535.99 9,836 3,650 540.00 4.01 
2.34 536.81 9,941 3,650 541.95 5.14 
2.12 537.97 10,060 3,650 545.31 7.34 
2.11 544.77 10,069 3,650 545.96 1.19 
1.57 550.50 10,360 3,650 561.88 11.38 
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Table 124. (Continued) 
Price QD OBJ OP.LABOR QR (QR-QD) 
(dollars per (acre feet) (dollars) (hours) (acre feet) (acre feet) 
acre feet) 
1.44 551.94 10,437 3,650 562.28 10.34 
1.39 552.70 10,462 3,650 563.04 10.34 
1.13 555.70 10,608 3,650 564.86 9.16 
1.08 556.26 10,634 3,650 569.72 13.46 
1.02 556.55 10,664 3,650 569.93 13.38 
0.88 558.04 10,746 3,650 570.89 12.85 
0.82 559.24 10,782 3,650 571.03 11.79 
0.77 559.88 10,809 3,650 571.31 11.43 
0.53 560.46 10,944 3,650 572.67 12.21 
0.40 560.50 11,018 3,650 573.37 12.87 
0.35 560.57 11,042 3,650 573.40 12.83 
0.10 561.47 11,185 3,650 573.78 12.30 
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APPENDIX B 
These figures correspond to Tables 101 through 124 in Appendix A. 
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Figure 8. Water demand function and rule water allocation for farm number 1 
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Figure 9. Water demand function and rule water allocation for farm number 2 
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Figure 10 . Water demand function and rule water allocation for farm number 3 
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Figure 11 . Water demand function and rule water allocation for farm number 4 
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Figure 12 . Water demand function and rule water allocation for farm number 5 
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Figure 13 . Water demand function and rule water allocation for farm number 6 
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Figure Water demand function and rule water allocation for farm number 7 
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Figure 15. Water demand function and rule water allocation for farm number 8 
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Figure 16 Water demand function and rule water allocation for farm number 9 
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17 . Water demand function and rule water allocation for farm number 10 
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Figure 18 . Water demand function and rule water allocation for farm number 11 
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Figure 19 . Water demand function and rule water allocation for farm number 12 
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Figure 20 . Water demand function and rule water allocation for farm number 13 
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Figure Water demand function and rule water allocation for farm number 14 
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Figure 22. Water demand function and rule water allocation for farm number 15 
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Figure Water demand function and rule water allocation for farm number 16 
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24 . Water demand function and rule water allocation for farm number 17 
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Figure 25. Water demand function and rule water allocation for farm number 18 
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Figure 26. Water demand function and rule water allocation for farm number 19 
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Figure Water demand function and rule water allocation for farm number 20 
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Figure Water demand function and rule water allocation for farm number 21 
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Figure 29. Water demand function and rule water allocation for farm number 22 
12.00 
M 
k (t) 
3 
9.00 
! .  
I . .  
(Q 
5 
u 
6.00 
I ê » 
I 
o 4J 
•O 
<U k 0) 
.5: 
p—  ^
Cl 
"O 
<u 
4J 
> 
U-i 
o 
<u 
u 
•H 
k 
3.00 
o.oo 
100 200 
# # 
300 
I 
i 
L 
I 
# • 
I 
I 
I 
o 
400 500 600 700 
Water delivered to farm canals (acre feet) 
Figure 30. Water demand function and rule water allocation for farm number 23 
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Figure 31. Water demand function and rule water allocation for farm number 24 
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APPENDIX C 
Aggregate normative irrigation water demand functions for the 
Cottonwood and Huntington Watersheds. These demand functions are 
discussed in the text, pp. 232 and 237. 
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Table 125. Aggregate normative demand functions for water for crop 
production in the Cottonwood Creek Watershed and 
Huntington Creek Watershed 
Huntington Creek Watershed Cottonwood Creek Watershed 
Price Quantity Price Quantity 
(Dollars) (acre feet) (Dollars) (acre feet) 
12.00 25,683.87 12.00 10,002.17 
11.96 25,990.50 11.99 10,013.63 
11.89 25,994.29 11.96 10,086.98 
11.82 26,000.89 11.90 10,090.01 
11.75 26,010.33 11.88 10,090.44 
11.72 26,010.33 11.84 10,090.99 
11.70 26,019.48 11.80 10,091.94 
11.65 26,031.29 11.74 10,096.10 
11.63 26,312.70 11.72 10,100.47 
11.58 26,312.70 11.70 10,101.70 
11.54 26,352.57 11.66 10,101.70 
11.35 26,424.14 11.65 10,107.19 
11.10 26,424.14 11.63 10,288.16 
10.98 26,427.18 11.62 10,289.91 
10.94 26,430.19 11.56 10,297.30 
10.87 26,464.23 11.11 10,297.30 
10.84 26,467.07 10.98 10,298.09 
10.74 26,477.43 10.9:: 10,298.96 
10.68 26,484.93 10.9! 10,299.73 
10.64 26,487.28 10.90 10,303.52 
10.57 26,497.63 10.86 10,303.80 
10.43 26,516.16 10.81 10,305.78 
10.42 26,530.77 10.73 10,308.52 
10.20 26,535.75 10.70 10,308.88 
10.18 26,538.78 10.69 10,314.72 
10.14 26,542.80 10.68 10,315.08 
10.13 26,579.31 10.55 10,320.04 
9.98 26,581.18 10.49 10,324.17 
9.90 26,581.38 10,33 10,333.68 
9.86 26,589.88 10.31 10,338.87 
9.84 26,600.54 10.27 10,345.43 
9.76 26,602.40 10.20 10,346.65 
9.71 26,621.21 10.18 10,353.20 
9.60 26,645.43 10.16 10,354.73 
9.48 26,650.47 10.14 10,360.62 
9.46 26,657.22 10.13 10,372.29 
9.41 26,673.69 10.06 10,374.13 
9.35 26,752.97 10.02 10,376.84 
9.32 26 J 864.44 10.01 10,385.08 
9.28 26,893.90 9.95 10,393.67 
444 
Table 125. (Continued) 
Huntington Creek Watershed Cottonwood Creek Watershed 
Price Quantity Price Quantity 
(Dollars) (acre feet) (Dollars) (acre feet) 
9.19 26,893.90 9.86 10,398.57 
9.16 27,071.89 9.80 10,406.29 
8.87 27,092.98 9.73 10,413.32 
8.86 27,146.25 9.72 10,415.11 
8.68 27,158.13 9.61 10,421.45 
8.66 27,187.10 9.59 10,422.35 
8.56 27,187.88 9.47 10,432.96 
8.53 27,202.38 9.43 10,436.10 
8.42 27,204.05 9.13 10,436.44 
8.38 27,215.77 9.01 10,493.96 
8.34 27,237.13 8.98 10,566.19 
8.33 27,282.29 8.86 10,579.96 
8.30 27,316.37 8.84 10,580.19 
8.26 27,324.34 8.83 10,580.60 
8.24 27,332.90 8.82 10,709.88 
8.22 27,376.18 8.76 10,730.46 
8.20 27,825.24 8.72 10,753.66 
8.11 27,844,21 8.60 10,771.29 
8.06 27,859.91 8.51 10,779.95 
8.04 27,934.27 8.47 10,782.92 
8.03 28,067.52 8.44 10,788.16 
8.02 28,084.55 8.42 10,792.24 
7.97 28,380.29 8.40 10,799.53 
7.96 28,407.62 8.28 10,811.42 
7.91 28,437.95 8.23 10,815.50 
7.85 28,450.50 8.20 10,953.99 
7.81 28,505.12 8.18 10,955.24 
7.80 28,655.30 8.15 10,956.84 
7.74 28,661.89 8.14 10,961.95 
7.63 28,678.80 8.11 10,969.44 
7.56 28,825.58 8.04 10,972.30 
7.55 28,826.55 7.99 10,973.27 
7.54 28,826.55 7.97 11,255.33 
7.45 28,829.12 7.90 11,256.17 
7.43 28,873.69 7.85 11,259.73 
7.42 28,876.25 7.78 11,380.23 
7.38 28,881.34 7.70 11,380.77 
7.27 28,881.93 7.69 11,448.08 
7.21 28,894.44 7.67 11,501.75 
7.15 28,908.83 7.56 11,653.20 
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Table 125. (Continued) 
Huntington Creek Watershed Cottonwood Creek watershed 
Price Quantity Price Quantity 
(Dollars) (acre feet) (Dollars) (acre feet) 
7.13 28,917.23 7.55 11,653.35 
7.10 28,925.42 7.51 11,653.35 
7.04 28,962.09 7.50 11,653.82 
6.97 29,051.57 7.48 11,654.19 
6.95 29,163.77 7.39 11,659.88 
6.85 29,184.85 7.38 11,669.07 
6.84 29,211.38 7.32 11,675.27 
6.83 29,411.74 7.19 11,680.85 
6.78 29,441.89 7.16 11,686.36 
6.76 29,451.14 7.08 11.709.83 
6.74 29,498.95 7.03 11,728.30 
6.73 29,498.95 6.74 11,738.66 
6.70 29,515.14 6.71 11,738.99 
6.66 29,542.34 6.68 11,742.43 
6.65 29,553.97 6.66 11,748.28 
6.64 29,564.95 6.64 11,755.09 
6.61 29,593.91 6.60 11,757.45 
6.59 29,593.94 6.54 11,769.63 
6.55 29,618.68 6.50 11,770.20 
6.50 29,836.39 6.49 11,774.36 
6.49 29,969.76 6.44 11,778.44 
6.44 29,981.28 6.42 11,817.34 
6.42 29,993.09 6.41 11,817.51 
6.40 29,994.27 6.37 11,818.41 
6.38 30,068.74 6.26 11,819.68 
6.37 30,069.79 6.24 11,821.27 
6.36 30,227.43 6.23 11,821.51 
6.28 30,229.41 6.20 11,821.74 
6.17 30,230.96 6.16 11,824.60 
6.16 30,257.87 6.13 11,824.60 
6.14 30,259.85 6.12 11,825.57 
6.07 31,672.38 6.02 11,825.70 
6.02 31,677.59 6.00 11,825.81 
5.96 31,777.83 5.83 11,829.43 
5.94 31,778.63 5.82 11,833.20 
5.84 31,844.58 5.77 11,838.64 
5.82 31,850.58 5.75 11,845.49 
5.80 33,176.37 5.72 11,978.29 
5.70 33,180.83 5.68 11,985.35 
5.65 33,657.19 5.63 11,988.82 
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Table 125. (Continued) 
Huntington Creek watershed Cottonwood Creek Watershed 
Price Quantity Price Quantity 
(Dollars) (acre feet) (Dollars) (acre feet) 
5.63 33,657.19 5.53 12,054.88 
5.53 33,666.43 5.52 12,070.97 
5.48 33,811.96 5.51 12,693.16 
5.41 33,822.71 5.50 12,697.54 
5.40 35,272.89 5.48 12,710.82 
5.35 35,277.07 5.46 12,712.22 
5.34 35,288.85 5.42 12,717.96 
5.33 35,340.80 5.40 12,720.75 
5.32 35,352.30 5.39 12,723.48 
5.26 35,383.38 5.34 12,723.52 
5.10 35,585.95 5.32 14,454.76 
5.09 35,601.34 5.30 14,456.46 
5.04 35,833.29 5.23 14,457.20 
5.03 35,852.67 5.20 14,457.21 
4.99 35,871.27 5.06 14,458.60 
4.96 35,888.74 5.05 14,458.93 
4.94 35,942.48 4.99 14,462.23 
4.91 35,954.09 4.94 14,470.21 
4.86 36,028.58 4.91 14,472.55 
4.84 36,057.79 4.86 14,473.56 
4.82 36,097.60 4.85 14,473.59 
4.76 36,098.43 4.82 14,500.02 
4.75 36,232.61 4.80 14,500.80 
4.74 36,245.52 4.79 14,500.80 
4.70 36,288.78 4.78 14,598.41 
4.67 36,293.48 4.74 14,617.13 
4.64 36,388.30 4.70 14,618.96 
4.63 36,490.27 4.69 14,620.77 
4.57 36,510.79 4.68 14,621.37 
4.55 36,534.41 4.66 14,621.93 
4.50 36,910.77 4.63 14,627.32 
4.43 36,914.44 4.50 14)706.69 
4.38 37,227.20 4.43 14,711.14 
4.36 37,242.94 4.42 14,715.21 
4.31 37,497.02 4.39 14,715.88 
4.28 37,508.56 4.38 14,890.50 
4.25 37,781.65 4.32 14,892.02 
4.16 37,811.36 4.31 14,911.66 
4.12 42,507.09 4.30 14,920.02 
4.09 42,515.38 4.24 14,920.05 
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Table 125. (Continued) 
Huntington Creek Watershed Cottonwood Creek Watershed 
Price Quant ity Price Quantity 
(Dollars) (acre feet) (Dollars) (acre feet) 
4.06 42-848.21 4.21 14,962.66 
3.97 43,019.21 4.20 14,968.49 
3.86 43,021.44 4.19 14,971.83 
3.85 43,023.65 4.12 14,993.49 
3.84 43,078.27 4.10 14,995.61 
3.79 43,269.91 4.00 14,997.41 
3.77 43,299.27 3.97 15,006.43 
3.76 43,302.99 3.91 15,012.32 
3.74 43,306.62 3.90 15,013.91 
3.70 43,655.80 3.85 15,282.92 
3.67 43,659.45 3.84 15,406.86 
3.66 43,755.10 3.77 15,409.19 
3.60 43,766.25 3.76 15,418.82 
3.59 43,783.86 3.71 15,419.09 
3.55 43,803.64 3.70 18,189.98 
3.49 43,810.95 3.68 18,192.20 
3.41 43,879.68 3.59 18,199.82 
3.28 43,879.68 3.54 18,200.28 
3.18 43,896.14 3.52 18,205.10 
3.17 43,910.46 3.31 18,205.82 
3.16 43,916.21 3.30 18,207.62 
3.12 43,946.00 3.25 18,210.99 
3.11 43,946.91 3.23 18,610.47 
3.07 44,126.32 3.13 18,621.08 
2.95 44,363.74 3.12 18,647.41 
2.90 44,535.16 3.11 18,648.36 
2.83 44,538.59 3.10 18,649.26 
2.82 44,543.43 3.08 18,709.51 
2.76 44,572.87 3.07 18,755,50 
2.72 44,596.36 3.01 18,772.08 
2.71 44,609.71 2.90 18,793.67 
2.66 44,658.49 2.76 18,793.82 
2.63 45,063.85 2.74 18,929.63 
2.58 47,272.23 2.68 18,929.80 
2.54 47,272.23 2.64 18,948.39 
2.53 47,343.66 2.63 18,948.81 
2.51 47,346.93 2.62 18,949.94 
2.50 47,410.41 2.60 18,973.58 
2.39 47,426.26 2.58 18,988.78 
2.38 47,435.72 2.54 18,989.04 
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Table 125. (Continued) 
Huntington Creek Watershed Cottonwood Creek Watershed 
Price Quantity Price Quantity 
(Dollars) (acre feet) (Dollars) (acre feet) 
2.34 47,442.53 2.53 18,989.59 
2.30 47,451.08 2.51 18,989.75 
2.28 47,453.60 2.50 18,990.91 
2.27 47,482.35 2.45 18,996.09 
2.26 47,538.38 2.39 18,996.65 
2.24 47,541.47 2.34 19,002.57 
2.21 47,577.54 2.33 19,008.36 
2.18 47,586.84 2.29 19,095.09 
2.12 47,736.52 2.27 19,099.80 
2.11 47,793.29 2.26 19,113.69 
2.06 47,800.04 2.22 19,908.61 
2.05 47,806.63 2.21 19,908.91 
2.02 48,135.41 2.20 19,910.45 
1.97 48,168.24 2.15 19,912.64 
1.91 48,184.93 2.12 19,951.11 
1.90 48,186.41 2.08 19,955.82 
1.88 48,382.98 2.02 19,960.63 
1.87 48,845.86 1.99 19,993.11 
1.82 48,924.50 1.97 20,010.70 
1.81 48,926.75 1.93 20,029.45 
1.73 48,958.79 1.90 20,041.08 
1.68 49,038.13 1.87 20,049.02 
1.62 49,135.88 1.86 20,053.35 
1.57 49,186.94 1.85 20,064.92 
1.56 49,192.43 1.84 20,072.66 
1.50 49,206.08 1.82 20,089.37 
1.44 49,221.99 1.68 20,089.37 
1.43 49,277.05 1.64 20,119.09 
1.39 49,288.38 1.63 20,683.02 
1.37 49,296.46 1.62 20,695.91 
1.31 49,312.89 1.57 20,695.91 
1.30 49,316.38 1.56 20,790.65 
1.27 49,392.66 1.55 21,094.30 
1.20 49,421.36 1.54 21,260.23 
1.15 49,422.87 1.52 21,355.39 
1.13 49,447.89 1.51 21,614.82 
1.12 49,709.98 1.49 21,616.51 
1.08 49,873.67 1.48 21,616.51 
1.07 49,889.97 1.44 21,645.44 
1.02 49,892.40 1.43 21,645.62 
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Table 125. (Continued) 
Huntington Creek Watershed Cottonwood Creek Watershed 
Price Quantity Price Quantity 
(Dollars) (acre feet) (Dollars) (acre feet) 
1.01 49,896.63 1.39 21,646.12 
1.00 49,899.49 1.37 21,647.32 
0.96 49,906.46 1.30 21,647 . 97 
0.92 49,918.67 1.27 21,726.52 
0.91 49,922.27 1.24 22,114.77 
0.90 49,941.71 1.20 22,115.42 
0.88 49,976.02 1.15 22,120.66 
0.86 49,977.90 1.13 22,141.51 
0.82 49,987.91 1.12 22,178.37 
0.80 50,007.80 1.10 22,186.61 
0.77 50,013.15 1.08 22,292.19 
0.76 50,023.47 1.06 22,300.30 
0.74 50,023.89 1.04 22,306.77 
0.68 50,055.19 0.89 22,307.08 
0.65 50,064.99 0.79 22,307.55 
0.64 50,067.75 0.74 22,315.38 
0.62 50,076.61 0.72 22,337.15 
0.58 50,082.11 0.66 22,359.02 
0.56 50,103.99 0.65 22,363.33 
0.54 50,126.92 0.64 22,368.78 
0.53 50,131.71 0.60 22,376.66 
0.48 50,131.75 0.59 22,384.28 
0.43 50,140.04 0.48 22,399.26 
0.42 50,156.20 0.47 22,418.30 
0.40 50,193.42 0.42 22,419.55 
0.36 50,195.19 0.41 22,421.13 
0.35 50,195.75 0.38 22,424.58 
0.34 50,199.62 0.36 22,425.44 
0.32 50,205.00 0.35 22,435.04 
0.31 50,205.91 0.34 22,437.80 
0.17 50,205.91 0.32 22,441.23 
0.10 50,228,86 0.28 22,450.83 
0.04 50,235.84 0.24 22,456.50 
0.02 50,322.54 0.17 22,456.55 
0.05 22,466.14 
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APPENDIX D 
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Table 126. Project operation under Alternative A for 1930 water 
flow data^ 
Activity Slack Limit 
No. Row level activity Lower Upper 
1 OBJ 561,772 561,772 None None 
2 CDOMESTIC BS 1 1 
3 HDOMESTIC ER 1 1 1 1 
4 CAFARM EQ 1 1 1 1 
5 HIFARM EQ 1 1 1 1 
6 H2FARM EQ 1 1 1 
7 H3FARM EQ 1 1 1 
8 se 1 EQ 1,000 1,000 1,000 
9 se 2 EQ 1,000 1,000 1,000 
10 se 3 EQ 1,900 1,900 1,900 
11 se 4 EQ 6,800 6,800 6,800 
12 se 5 EQ 14,000 14,000 14,000 
13 se 6 EQ 12,500 12,500 12,500 
14 se 7 EQ 4,300 4,300 4,300 
15 se 8 EQ 2,600 2,600 2,600 
16 se 9 EQ 1,900 1,900 1,900 
17 se 10 EQ 1,800 1,800 1,800 
18 se 11 EQ 1,400 1,400 1,400 
19 se 12 EQ 1,100 1,100 1,100 
20 JR 1 EQ 
21 JR 2 EQ 
22 JR 3 EQ 
23 JR 4 EQ 
24 JR 5 EQ 
25 JR 6 EQ 
26 JR 7 EQ 
27 JR 8 EQ 
28 JR 9 EQ 
29 JR 10 EQ 
30 JR 11 EQ 
31 JR 12 EQ 
32 JR 13 EQ 
33 JD 1 BS None 
34 JD 2 BS None 
35 JD 3 BS None 
36 JD 4 BS None 
37 JD 5 BS None 
38 JD 6 BS None 
39 JT/ 7 BS None 
40 JD 8 BS None 
41 JD 9 BS None 
42 JD 10 BS None 
43 JD 11 BS None 
^Computer output from water allocation model. 
Marginal 
value 
1.000 
17.264 
2,338.904 
2,759.324 
653.339 
.010 
.021 
.034 
.047 
10,000.000 
10,000.000 
10.640 
10,000.000 
53.190 
10,000.010 
10,000.021 
10,000.033 
9,999.953 
31.920 
10,000.000 
10,000.000 
10,000.000 
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46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
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126. (Continued) 
Activity Slack Limit 
Row level activity Lower Upper 
JD 12 BS None 
JD 13 BS None 
CA 1 EQ 
CA 2 EQ 
CA 3 EQ 
CA 4 EQ 
CA 5 EQ 
CA 6 EQ 
CA 7 EQ 
CA 8 EQ 
CA 9 EQ 
CA 10 EQ 
CA 11 EQ 
CA 12 EQ 
HA 1 EQ 
HA 2 EQ 
HA 3 EQ 
HA 4 EQ 
HA 5 EQ 
HA 6 EQ 
HA 7 EQ 
HA 8 EQ 
HA 9 EQ 
HA 10 EQ 
HA 11 EQ 
HA 12 EQ 
CC 1 EQ 150 150 150 
CC 2 EQ 150 150 150 
CC 3 EQ 295 295 295 
CC 4 EQ 
CC 5 EQ 100 100 100 
CC 6 EQ 625 625 625 
CC 7 EQ 615 615 615 
CC 8 EQ 630 630 630 
CC 9 EQ 195 195 195 
CC 10 EQ 290 290 290 
CC 11 EQ 270 270 270 
CC 12 EQ 255 255 255 
HH 1 EQ 2,000 2,000 2,000 
HH 2 EQ 2,100 2,100 2,100 
HH 3 EQ 2,900 2,900 2,900 
HH 4 EQ 9,300 9,300 9,300 
HH 5 EQ 16,300 16,300 16,300 
HH 6 EQ 9,900 9,900 9,900 
HH 7 EQ 4,000 4,000 4,000 
No. 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
lis 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
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126. (Continued) 
Marginal 
Activity Slack Limit value 
Row level activity Lower Upper product 
HH 8 EQ 1,600 1,600 1,600 3.639 
HH 9 EQ 2,700 2,700 2,700 3.639 
HH 10 EQ 2,900 2,900 2,900 .001 
HH 11 EQ 2,600 2,600 2,600 .001 
HH 12 EQ 2,500 2,500 2,500 .001 
SR 1 EQ 3.423 
SR 2 EQ 3.423 
SR 3 EQ 3.423 
SR 4 EQ 3.423 
SR 5 EQ 3.423 
SR 6 EQ 3.423 
SR 7 EQ 3.639 
SR 8 EQ 3.639 
SR 9 EQ 3.639 
SR 10 EQ .002 
SR 11 EQ .002 
SR 12 EQ .002 
SR 13 EQ .002 
SD 1 BS 2,408 None 13,900 
SD 2 BS 3,038 None 13,900 
SD 3 BS 3,908 None 13,900 
SD 4 BS 6,698 None 13,900 
SD 5 BS 11,588 None 13,900 
SD 6 UL 13,900 None 13,900 
SD 7 UL 13,900 None 13,900 .216 
SD 8 BS 9,833 None 13,900 
SD 9 BS 2,173 None 13,900 
SD 10 BS 870 None 13,900 
SD 11 BS 1,650 None 13,900 
SD 12 BS 2,400 None 13,900 
SD 13 BS 2,400 None 13,900 
HC 1 EQ 
HC 2 EQ 
HC 3 EQ 
HC 4 EQ 3.027 
HC 5 EQ 3.219 
HC 6 EQ 3.423 
HC 7 EQ 3.639 
HC 8 EQ 3.639 
HC 9 EQ 
HC 10 EQ 
HC 11 EQ 
HC 12 EQ 
HI 1 EQ 
HI 2 EQ 
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Table 126. (Continued) 
Marginal 
Activity Slack Limit value 
No. Row level activity Lower Upper product 
134 HI 3 EQ 
135 HI 4 EQ 3.647 
136 HI 5 EQ 3.878 
137 HI 6 EQ 4.124 
138 HI 7 EQ 4.384 
139 HI 8 EQ 4.384 
140 HI 9 EQ 4.384 
141 HI 10 EQ 
142 HI 11 EQ 
143 HI 1? EQ 
144 H2 1 EQ 
145 H2 2 EQ 
146 H2 3 EQ 
147 H2 4 EQ 3.647 
148 H2 5 EQ 3.878 
149 H2 6 EQ 4.124 
150 H2 7 EQ 4.384 
151 H2 8 EQ 4.384 
152 H2 9 EQ 
153 H2 10 EQ 
154 H2 11 EQ 
155 H2 12 EQ 
156 H3 1 EQ 
157 H3 2 EQ 
158 H3 3 EQ 
159 H3 4 EQ 3.647 
160 H3 5 EQ 3.878 
161 K3 6 EQ 4.124 
162 H3 7 EQ 4.384 
163 H3 8 EQ 4.384 
164 H3 9 EQ 4.384 
165 H3 m EQ 
166 H3 11 EQ 
167 H3 12 EQ 
168 NR 1 EQ 10,000.000 
169 NR 2 EQ 
170 NR 3 EQ 10,000.000 
171 NR 4 EQ 10,003.027 
172 NR 5 EQ 10,003.219 
173 NR 6 EQ 3.423 
174 NR 7 EQ 3.639 
175 NR 8 EQ 10,003.639 
176 NR 9 EQ 9,996.361 
177 NR 10 EQ 
178 NR 11 EQ 10,000.000 
179 NR 12 EQ 10,000.000 
No. 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
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126. (Continued) 
Marginal 
Activity Slack Limit value 
Row level activity Lower Upper product 
NR 13 EQ 10,000.000 
ND 1 BS 
ND 2 BS 
ND 3 BS 
ND 4 BS 
ND 5 BS 
ND 6 BS 
ND 7 BS 
ND 8 BS 
ND 9 BS 
ND 10 BS 
ND 11 BS 
ND 12 BS 
ND 13 BS 
WH 1 EQ 4.116 
WH 2 EQ 4.116 
WH 3 EQ 4.116 
WCA EQ .024 
CA UL 100 1,721.105 
HI UL 100 1,176.998 
H2 UL 100 683.766 
H3 UL 100 457.074 
NREVAPOR EQ 2,394,430.414 
JREVAPOR EQ 5,509,115.378 
JR 14 BS 
NR 14 BS 
SR 14 EQ 1,808 1,808 1,808 3.423 
NRAGC EQ 17,505,633.096 
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Table 126. (Continued) 
Activity Input Limit Reduced 
No. Column level cost Lower Upper cost 
208 STORESR BS 2,400 
209 STORENP BS 10,000 None 
210 STOREJR BS 10,000 None 
212 MSR14 BS 1,807 None 
217 SCJR4 BS 10,000 None 
219 SCJR6 BS 10,000 None 
220 SCJR7 BS 10,000 None 
221 SCJR8 BS 10,000 None 
224 SCJRll BS 10,000 None 
225 SGJR12 BS 10,000 None 
226 JRCC 1 BS 10,000 None 
227 JRCC 2 BS 10,000 None 
234 JRCC 9 BS 10,000 None 
238 SCCC 1 BS 1,000 None 
239 SCCC 2 BS 1,000 None 
240 SCCC 3 BS 1,900 None 
241 SCnr L BS 6,800 None 
242 SCCC BS 14,000 None 
243 SCCC 6 BS 12,500 None 
244 SCCC 7 BS 4,300 None 
245 SCCC 8 BS 2,600 None 
246 SCCC 9 BS 1,900 None 
247 SCCC 10 BS 1,800 None 
248 SCCC 11 BS 1,400 None 
249 SCCC 12 BS 1,100 None 
250 CCCA 1 BE None 
251 CCCA 2 BS None 
252 CCCA 3 BS None 
253 CCCA 4 BS 743 None 
254 CCCA 5 BS 3,713 None 
255 CCCA 6 BS 6,067 None 
256 CCCA 7 BS 1,164 None 
257 CCCA 8 BS 1,978 None 
258 CCCA 9 BS 2,000 None 
259 CCCA 10 BS 803 None 
260 CCCA 11 BS None 
261 CCCA 12 BS None 
263 CC5CA6 BS 592 None 
264 CC6CA7 BS 6,433 None 
265 CC7CA8 BS 3,536 None 
266 CC8CA9 BS 1,126 None 
271 CCHA 4 BS 10,000 None 
272 CCHA 5 BS 10,000 None 
275 CCHA 8 BS 10,000 None 
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Table 126. (Continued) 
Activity Input Limit Reduced 
No. Column level cost Lower Upper cost 
276 CCHA 9 BS 10,000 None 
282 JRJR 3 BS 10,000 None 
284 JRJR 5 SS 10,000 None 
289 JRJR 10 BS 10,000 None 
297 HHHC 6 BS 2,193 None 
298 HHHC 7 BS 4,000 None 
299 HHHC 8 BS 1,600 None 
300 HHHC 9 BS 2,700 None 
304 HHSR 1 BS 2,000 None 
305 HHSR 2 BS 2,100 None 
306 HHSR 3 BS 2,900 None 
307 HHSR 4 BS 9,300 None 
308 HHSR 5 BS 16,300 None 
309 HHSR 6 BS 7,707 None 
313 HHSR 10 BS 2,900 None 
314 HHSR 11 BS 2,600 None 
315 HHSR 12 BS 2,500 None 
321 SRHC 6 BS None 
322 SRHC 7 BS 4,067 None 
323 SRHC 8 BS 7,660 None 
324 SRHC 9 BS 2,173 None 
328 SRSR 1 BS 2,408 None 
329 SRSR 2 BS 3,038 None 
330 SRSR 3 BS 3,908 None 
331 SRSR 4 55 6,698 None 
332 SRSR 5 BS 11,588 None 
333 SRSR 6 BS 13,900 None 
334 SRSR 7 BS 9,833 None 
335 SRSR 8 BS 2,173 None 
337 SRSR 10 BS 870 None 
338 SRSR 11 Bo 1,650 None 
339 SRSR 12 BS 2,400 None 
340 HCHl 1 BS None 
341 HCHl 2 BS None 
342 HCHl 3 BS None 
343 HCHl 4 BS 599 None 
344 HCHl 5 BS 1,432 None 
345 HCHl 6 BS 2,540 None 
346 HCHl 7 BS 6,396 None 
347 HCHl 8 BS 4,612 None 
348 HCHl 9 BS 2,418 None 
349 HCHl 10 BS 648 None 
350 HCHl 11 BS None 
351 HCHl 12 BS None 
352 HC4H 15 BS 1,875 None 
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Table 126. (Continued) 
Activity Input Limit Reduced 
No. Column level cost Lower Upper 
353 HC5H 16 BS 3,624 None 
359 HCH2 2 BS None 
360 HCH2 3 BS None 
361 HCH2 4 BS 380 None 
365 HCH2 8 BS 2,871 None 
366 HCH2 9 BS 1,527 None 
367 HCH2 10 BS 410 None 
368 HCH2 11 BS None 
369 HCH2 12 BS None 
370 HC4H 25 BS 2,121 None 
371 HC5H 26 BS 3,917 None 
372 HC6H 27 BS 4,204 None 
376 HCH3 1 BS None 
377 HCH3 2 BS None 
378 HCH3 3 BS None 
379 HCH3 4 BS 230 None 
382 HCH3 7 BS 1,671 None 
383 HCH3 8 BS 1,777 None 
384 HCH3 9 BS 927 None 
385 HCH3 10 BS 248 None 
386 HCH3 11 BS None 
387 HCH3 12 BS None 
388 HC4H 35 BS 1,305 None 
389 HC5H 36 BS 2.436 None 
390 HC6H 37 BS 843 None 
396 hCNR 3 BS 10,000 None 
397 HCNR 4 BS 10,000 None 
398 HCNR 5 BS 10,000 None 
401 HCNR 8 BS 10,000 None 
404 HCNR 11 BS 10,000 None 
405 HCNR 12 BS 10,000 None 
406 HAH 21 BS 10,000 None 
412 HAH 27 BS 10,000 None 
418 HAH 31 BS 10,000 None 
423 HAH 36 BS 10,000 None 
431 HANR 2 BS 10,000 None 
432 HANR 3 BS 10,000 None 
435 HANR 6 BS 10,000 None 
439 HANR 10 BS 10,000 None 
440 HANR 11 BS 10,000 None 
441 HANR 12 BS 10,000 None 
442 NRNR 1 BS 10,000 None 
443 NRNR 2 BS 10,000 None 
448 NRNR 7 BS 10,000 None 
451 NRNR 10 BS 10,000 None 
462 NRK39 BS 10,000 None 
No. 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
483 
484 
485 
487 
488 
489 
496 
497 
498 
500 
501 
502 
503 
661 
935 
937 
1209 
1600 
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126. (Cont inued) 
Activity Input Limit Reduced 
Column level cost Lower Upper cost 
DDJR BS 1 None 
DDHC BS 1 None 
NREVAP BS None 
JREVAP BS None 
FARMCA BS 1 None 
FARM HI BS 1 None 
FARM K2 BS 1 None 
FARM H3 BS 1 None 
SPCC 1 BS 530 None 
SPCC 2 BS 530 None 
SPCC 3 BS 1,530 None 
SPCC 4 BS 5,432 None 
SPCC 5 BS 9,066 None 
SPCC 10 BS 912 None 
SPCC 11 BS 1,030 None 
SPCC 12 BS 730 None 
SPHC 1 BS 400 None 
SPHC 2 BS 470 None 
SPHC 3 BS 1,030 None 
SPHC 10 BS 724 None 
SPHC 11 BS 820 None 
SPHC 12 BS 750 None 
MWDH 1 BS 196 None 
MHDH 2 BS 116 None 
MWDH 3 BS 75 None 
MWDCA BS 225 196,729 None 
H10416 BS 1 114,288 None 
H20416 BS 1 120,000 None 
H20409 BS 0 76,398 None 
H30416 BS 1 172,660 None 
CA0005 BS 1 None 
NRDEAOW BS None 
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Table 127. Project operation under Alternative B for 1930 resource 
constraints® 
o. Row 
Activity 
level 
Slack 
activity 
Limit 
Lower Upper 
Marginal 
value 
product 
1 OBJ BS 598,635 598,635 0 0 1.000 
2 CDOMESTIC EQ 1 1 1 2.337 
3 HDOMESTIC EQ 1 1 1 2.900 
4 CAFARM EQ 1 1 1 1.055 
5 HIFARM EQ 1 1 1 1.299 
6 H2FARM EQ 1 1 1 1.778 
7 H3FARM EQ 1 1 1 0.279 
8 se 1 EQ 1,000 1,000 1,000 .000 
9 se 2 EQ 1,000 1,000 1,000 .000 
10 se 3 EQ 1,900 1,900 1,900 .000 
11 se 4 EQ 6,800 6,800 6,800 .000 
12 se 5 EQ 14,000 14,000 14,000 
13 se 6 EQ 12,500 12,500 12,500 .002 
14 se 7 EQ 4,300 4,300 4,300 .002 
15 se 8 EQ 2,600 2,600 2,600 .001 
16 se 9 EQ 1,900 1,900 1,900 .001 
17 se 10 EQ 1,800 1,800 1,800 .001 
18 se 11 EQ 1,400 1,400 1,400 .001 
19 se 12 EQ 1,100 1,100 1,100 .001 
20 JR 1. EQ .000 
21 JR 2 EQ .000 
22 JR 3 EQ .000 
23 JR 4 EQ .000 
24 JR 5 EQ .002 
25 JR 6 EQ .002 
26 JR 7 EQ .002 
27 JR 8 EQ .001 
28 JR 9 EQ .001 
29 JR 10 EQ .001 
30 JR 11 EQ .001 
31 JR 12 EQ .001 
32 JR 13 EQ .001 
33 JD 1 BS 34,652 15,348 None 50,000 
34 JD 2 BS 35,201 14,799 None 50,000 
35 JD 3 BS 36,803 13,197 None 50,000 
36 JD 4 BS 43,531 6,469 None 50,000 
37 JD 5 UL 50,000 None 50,000 .002 
38 JD 6 UL 50,000 None 50,000 .000 
39 JD 7 BS 49,457 543 None 50,000 
40 JD 8 BS 39,047 10,953 None 50,000 
41 JD 9 BS 31,202 18,798 None 50,000 
42 JD 10 BS 25,931 24,069 None 50,000 
43 JD 11 BS 25,993 24,002 None 50,000 
^Computer output from water allocation model. 
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Table 127. (Continued) 
No. Row 
Activity 
level 
Slack 
activity 
Limit 
Lower Upper 
Marginal 
value 
product 
44 JD 12 BS 27,023 22,977 None 50,000 
45 JD 13 BS 26,684 23,316 None 50,000 
46 OA 1 EQ .001 
47 CA 2 EQ .000 
48 CA 3 EQ .000 
49 CA 4 EQ .000 
50 CA 5 EQ 
51 CA 6 EQ .002 
52 CA 7 EQ .002 
53 CA 8 EQ .002 
54 CA 9 EQ .002 
55 CA 10 EQ .002 
56 CA 11 EQ .001 
57 CA 12 EQ .001 
58 HA 1 EQ .000 
59 HA 2 EQ .000 
60 HA 3 EQ .000 
61 HA 4 EQ .000 
62 HA 5 EQ 
63 HA 6 EQ .002 
64 HA 7 EQ .002 
65 HA 8 EQ .002 
66 HA 9 EQ .002 
67 HA 10 EQ .002 
68 HA 11 EQ .001 
69 HA 12 EQ .001 
70 CC 1 EQ 150 150 150 .000 
71 CC 2 EQ 150 150 150 .000 
72 CC3 EQ 295 295 295 .000 
73 CC 4 EQ .000 
74 CC 5 EQ 100 100 100 
75 CC 6 EQ 625 625 625 .002 
76 CC 7 EQ 615 615 615 .002 
77 CC 8 EQ 630 630 630 .002 
78 CC 9 EQ 195 195 195 .001 
79 CC 10 EQ 290 290 290 .001 
80 CC 11 EQ 270 270 270 .001 
81 CC 12 EQ 255 255 255 .001 
82 HH 1 EQ 2,000 2,000 2,000 .000 
83 HH 2 EQ 2,100 2,100 2,100 .000 
84 HH 3 EQ 2,900 2,900 2,900 .000 
85 HH 4 EQ 9,300 9,300 9,300 
86 HH 5 EQ 16,300 16,300 16,300 
87 HH 6 EQ 9,900 9,900 9,900 .002 
88 HH 7 EQ 4,000 4,000 4,000 .003 
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Table 127. (Continued) 
No. Row 
Activity 
level 
Slack 
activity 
Limit 
Lower Upper 
Marginal 
value 
product 
89 HH 8 EQ 1,600 1,600 1,600 .003 
90 HH 9 EQ 2,700 2,700 2,700 .002 
91 HH 10 EQ 2,900 2,900 2,900 .002 
92 HH 11 EQ 2,600 2,600 2,600 .002 
93 HH 12 EQ 2,500 2,500 2,500 .001 
94 SR 1 EQ .000 
95 SR 2 EQ .000 
96 SR 3 EQ .000 
97 SR 4 EQ 
98 SR 5 EQ .002 
99 SR 6 EQ .003 
100 SR 7 EQ .003 
101 SR 8 EQ .003 
102 SR 9 EQ .002 
103 SR 10 EQ .002 
104 SR 11 EQ .002 
105 SR 12 EQ .002 
106 SR 13 EQ .or? 
107 SD 1 BS 12,750 1,150 None 13,900 
108 SD 2 BS 13,030 870 None 13,900 
109 SD 3 UL 13,900 None 13,900 
110 SD 4 UL 13,900 None 13,900 
111 SD 5 UL 13,900 None 13,900 .002 
112 SD 6 UL 13,900 None 13,900 .001 
113 SD 7 BS 13,900 None 13,900 
114 SD 8 BS 9,439 4,461 None 13,900 
115 SD 9 BS 4,943 8,957 None 13,900 
116 SD 10 BS 5,330 8,570 None 13,900 
117 SD 11 BS 6,110 7,790 None 13,900 
118 SD 12 BS 6,860 7,040 None 13,900 
119 SD 13 BS 6,860 7.040 None 13,900 
120 HC 1 EQ .000 
121 HC 2 EQ .000 
122 HC 3 EQ .000 
123 HC 4 EQ 
124 HC 5 EQ 
125 HC 6 EQ .002 
126 HC 7 EQ .003 
127 HC 8 EQ .003 
128 HC 9 EQ .002 
129 HC 10 EQ .001 
130 HC 11 EQ .001 
131 HC 12 EQ .001 
132 HI 1 EQ .000 
133 HI 2 £Q .000 
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Table 127. (Continued) 
Marginal 
Activity Slack Limit value 
No. Row level activity Lower Upper product 
134 HI 3 EQ .000 
135 HI 4 EQ 
136 HI 5 EQ 
137 HI 6 EQ .002 
138 HI 7 EQ .003 
139 HI 8 EQ .003 
140 HI 9 EQ .003 
141 HI 10 EQ .002 
142 HI 11 EQ .001 
143 HI 12 EQ .001 
144 H2 1 EQ .000 
145 H2 2 EQ .000 
146 H2 3 EQ .000 
147 H2 4 EQ 
148 H2 5 EQ 
149 H2 6 EQ .002 
150 H2 7 EQ .002 
151 H2 8 EQ .002 
152 H2 9 EQ .0C2 
153 H2 10 EQ .002 
154 H2 11 EQ .001 
155 H2 12 EQ .001 
156 H3 1 EQ .000 
157 H3 2 EQ .000 
158 H3 3 EQ .000 
159 H3 4 EQ 
160 H3 5 EQ 
161 H3 6 EQ .002 
162 H3 ? EQ .002 
163 H3 8 EQ .002 
164 H3 9 EQ .002 
165 H3 10 EQ .002 
166 H3 11 EQ .001 
167 H3 12 EQ .001 
168 NR 1 EQ .000 
169 NR 2 EQ .000 
170 NR 3 EQ .000 
171 NR 4 EQ .000 
172 NR 5 EQ .002 
173 NR 6 EQ .002 
174 NR 7 EQ .002 
175 NR 8 EQ .002 
176 NR 9 EQ .002 
177 NR 10 EQ .001 
178 NR 11 EQ .001 
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Table 127. (Continued) 
No. Row 
Activity 
level 
Slack 
activity 
Limit 
Lower Upper 
Marginal 
value 
product 
179 NR 12 EQ .001 
180 NR 13 EQ .001 
181 ND 1 BS 1,170 1,930 None 3,100 
182 ND 2 BS 1,988 1,112 None 3,100 
183 ND 3 UL 3,100 None 3,100 
184 ND 4 UL 3,100 None 3,100 .000 
185 ND 5 UL 3,100 None 3,100 .002 
186 ND 6 UL 3,100 None 3,100 
187 ND 7 BS 2,083 1,017 None 3,100 
188 ND 8 BS 2,482 618 None 3,100 
189 ND 9 BS 110 2,990 None 3,100 
190 ND 10 BS 338 2,762 None 3,100 
191 ND 11 BS 1,089 2,011 None 3,100 
192 ND 12 BS 1,811 1,289 None 3,100 
193 ND 13 BS 1,809 1,291 None 3,100 
194 WH 1 EQ .002 
195 WH 2 EQ .002 
196 WH 3 EQ .002 
197 WCA EQ .002 
198 OA UL 100 None 100 1,726.237 
199 H 1 UL 100 None 100 2,162.001 
200 H 2 UL 100 None 100 1,256.072 
201 H 3 UL 100 None 100 839.645 
202 NREVAPOR EQ 1 1 1 1.313 
203 JREVAPOR EQ 1 1 1 1.627 
204 JR 14 EQ 34,094 34,094 34,094 .000 
205 NR 15 EQ 770 770 770 .000 
206 SR EQ 12,150 12,150 12,150 .000 
207 NRACC EQ 3.562 
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Table 127. (Continued) 
Activity Input Limit Reduced 
No. Column level cost Lower Upper cost 
208 STORESR BS 6,860 .002 None 
209 STORENR BS 1,809 .001 None 
210 STOREJR BS 26,684 .001 None 
211 MJR 14 BS 34,094 None 
212 MSR 14 BS 12,150 None 
213 MNR 14 BS 770 None 
214 SCJR 1 BS 558 None 
215 SCJR 2 BS 558 None 
216 SCJR 3 BS 1,611 None 
217 SCJR 4 BS 6,800 None 
218 SCJR 5 BS 7,744 None 
219 SCJR 6 BS 426 None 
222 SCJR 9 BS 1,900 None 
223 SCJR 10 BS 1,800 None 
224 SCJR 11 BS 1,084 None 
225 SCJR 12 BS 1,100 None 
229 JRCC 4 BS 1,082 None 
232 JRCC 7 BS 9,937 None 
233 JRCC 8 BS 9,387 None 
234 JRCC 9 BS 6,788 None 
235 JRCC 10 BS 840 None 
237 JRCC 12 BS 332 None 
238 SCCC 1 BS 442 None 
239 SCCC 2 BS 442 None 
240 SCCC 3 BS 289 None 
242 SCCC 5 BS 6,256 None 
243 SCCC 6 BS 12,074 None 
244 SCCC 7 BS 4,300 None 
225 SCCC 8 BS 2,600 None 
248 SCCC 11 BS 316 None 
250 CCCA 1 BS None 
251 CCCA 2 BS None 
252 CCCA 3 BS None 
253 CCCA 4 BS 743 None 
254 CCCA 5 BS 3,713 None 
255 CCCA 6 BS 6,613 None 
256 CCCA 7 BS 7,097 None 
257 CCCA 8 BS 5,239 None 
258 CCCA 9 BS 3,035 None 
259 CCCA 10 BS 803 None 
260 CCCA 11 BS None 
261 CCCA 12 BS None 
271 CCHA 4 BS None 
272 CCHA 5 BS 2,330 None 
273 CCHA 6 BS 5,482 None 
No. 
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275 
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285 
286 
287 
288 
289 
290 
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335 
336 
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127. (Continued) 
Activity Input Limit Reduced 
Column level cost Lower upper 
CCHA 7 BS 7,043 None 
CCHA 8 BS 6,779 None 
CCHA 9 BS 3,608 None 
CCHA 10 BS None 
JRJR 1 BS 34,648 .000 None 
JRJR 2 BS 35,197 .000 None 
JRJR 3 BS 36,770 .000 None 
JRJR 4 BS 42,369 .000 None 
JRJR 5 BS 49,839 .000 None 
JRJR 6 BS 49,794 .COO None 
JRJR 7 BS 39,314 .000 None 
JRJR 8 BS 29,478 .000 None 
JRJR 9 BS 24,256 .000 None 
JRJR 10 BS 24,994 .000 None 
JRJR 11 BS 25,958 .000 None 
JRJR 12 BS 26,688 .000 None 
HHHC 2 BS 1,167 None 
HHHC 4 BS 9,019 None 
HHHC 5 BS 16,300 None 
HHHC 6 BS 9,900 None 
HHHC 7 BS 4,000 None 
HHHC 8 BS 1,600 None 
HHHC 9 BS 2,700 None 
HHSR 1 BS 2,000 None 
KHIÎSR 2 SS 933 None 
HHSR 3 BS 2,900 None 
HHEIR 4 BS 281 None 
HHSR 6 BS None 
HHSR 10 BS 2,900 None 
HHSR 11 BS 2,600 None 
HHSR 12 BS 2^500 None 
SRHC 3 BS 84 None 
SRHC 4 BS None 
SRHC 7 BS 4,461 None 
SRHC 8 BS 4,496 None 
SRHC 9 BS 483 None 
SSSR 1 BS 12,750 .000 None 
SRSR 2 BS 13,030 .000 None 
SRSR 3 BS 13,816 .000 None 
SRSR 4 BS 13,900 .00 None 
SRSR 5 BS 13,900 .OOL None 
SRSR 6 BS 13,900 .000 None 
SRSR 7 BS 9,439 .000 None 
SRSR 8 BS 4,943 .000 None 
SRSR 9 BS 4,460 .000 None 
No, 
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SRSR 10 BS 5,330 .000 None 
SRSR 11 BS 6,110 .000 None 
SRSR 12 BS 6,860 .000 None 
HCHl 1 BS None 
HCHl 2 BS None 
HCHl 3 BS None 
HCHl 4 BS 788 None 
HCHl 5 BS 4,225 None 
HCHl 6 BS 7,883 None 
HCHl 7 BS 8,461 None 
HCHl 8 BS 6,096 None 
HCHl 9 BS 3,183 None 
HCHl 10 BS 852 None 
HCHl 11 BS None 
HCHl 12 BS None 
HCH2 2 BS None 
HCH2 4 BS 475 None 
HCH2 5 BS 2,049 None 
HCH2 10 BS 513 None 
HCH2 11 BS None 
HCH2 12 BS None 
HCH3 3 BS None 
HCH3 4 BS 303 None 
HCH3 6 BS 2,017 None 
HCH3 10 BS 327 None 
HCH3 11 BS None 
HCNR 1 BS 400 None 
HCNR 2 BS 820 None 
HCNR 3 BS 1,114 None 
HCNR 4 BS 23 None 
HCNR 5 BS 58 None 
HCNR 10 BS 338 None 
HCNR 11 BS 820 None 
HCNR 12 BS 750 None 
HAH2 1 BS None 
HAH2 2 BS None 
HAH2 3 BS None 
HAH2 5 BS 468 None 
HAH2 6 BS 4,666 None 
HAH2 7 BS 5,008 None 
HAH2 8 BS 3,619 None 
HAH2 9 BS 1,913 None 
HAH2 12 BS None 
HAH3 3 BS None 
HAH3 5 BS 1,629 None 
HAH3 6 BS 156 None 
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424 HAH3 7 BS 1,331 None 
426 HAH3 9 BS 1,225 None 
428 HAH3 11 BS None 
429 HAH3 12 BS None 
430 HANR 1 BS None 
435 HANR 6 BS 113 None 
437 HANR 8 BS 2,482 None 
438 HANR 9 BS 110 None 
442 NRNR 1 BS 1,168 .000 None 
443 NRNR 2 BS 1,986 .000 None 
444 NRNR 3 BS 3,077 .000 None 
445 NRNR 4 BS 3,043 .000 None 
446 NRNR 5 BS 2,987 .000 None 
447 NRNR 6 BS 2,083 .000 None 
451 NRNR 10 BS 269 .000 None 
452 NRNR 11 BS 1,061 .000 None 
453 NRNR 12 BS 1,809 .000 None 
454 NRH3 1 BS None 
455 NRH3 2 BS None 
459 NRH3 6 BS 873 None 
460 KRH3 7 BS 1,938 None 
461 NRH3 8 BS 2,353 None 
466 DDJR BS 1 None 
467 DDHC BS 1 None 
468 NREVAP BS 1 None 
469 JREVAP BS 1 None 
470 FAPMCA BS 1 None 
471 FAHHtîl BS 11 None 
472 FARMH2 BS 1 None 
473 FARMH3 BS 1 None 
490 SPHC 4 BS 7,627 None 
491 SPEC 5 BS 9,969 None 
500 MWDH 1 BS 256 None 
501 MWDH 2 BS 148 None 
502 NWDH 3 BS 99 None 
503 NWDCA BS 224 None 
777 H10002 BS 1 216,261 None 
1051 H20002 BS 1 125,634 None 
1325 HS0002 BS 1 83,983 None 
1600 CA0005 BS 1 172,660 None 
1601 NRDSADW BS None 
